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ABSTRACT 
The Colgate Member (Fox Hills Formation), Little Beaver Creek, 
Marmarth, Bacon Creek, Huff, and Pretty Butte Members (Hell Creek 
Formation), and lower Ludlow Formation in the Glendive area, Montana 
consist of sandstone, sandy siltstone, shale, and lignite. The Colgate 
is 24 m thick and consists of mostly sandstone, The Hell Creek 
Formation (Late Cretaceous) is 120 m thick, The basal member, the 
Little Beaver Creek, is up to 12 m thick and consists of about half 
sandstone and half shale. The Marmarth is 24 to 30 m thick and consists . 
of mostly sandstone. The Bacon Creek is 36 m thick and the Huff is 
42 to 48 m thick. Each is about half sandstone and half shale, but 
amounts vary locally from 10 to 90 percent, The Pretty Butte is generally 
less than 6 m thick and is mostly shale. Of the lower 50 m of the Ludlow 
Formation, sandstone forms 20 to 60 percent and the rest is mostly shale. 
Sandstone units are very-fine- to medium-grained, light olive gray 
to yellowish gray, fluted, concretion-bearing, cross-stratified, and 
fossiliferous, Upward-fining intervals, each about 6 m thick, may stack 
vertically to tens of meters to form multilateral complexes tens of 
kilometers wide or elongated, locally tabular, distributary and braided 
belts 150 to 1700 m wide. Paleocurrents parallel the belt margins and 
trend mostly east and southeast. Sandy siltstonea flank the sandstone 
and are yellowish gray to dark yellowish orange, 1 to 4 m thick, poorly 
sorted, laminated, cross-laminated, and fossiliferous, Shale units are 
light olive gray, olive gray, pale brown, silty, bentonitic, lignitic, 
laminated, and fossiliferous. They are a few tenths of a meter to 
6 m or more thick in areas between belts. Lignites are pale brown to 
black, a few tenths of a meter thick, and interbedded with shale. Dino-
saur, crocodile, turtle, fish, freshwater invertebrate, and terrestrial 
plant fossils including leaves and rootlets are common in the Hell Creek. 
Sandstones are interpreted to be point bar deposits of meandering 
distributary channels. Sandy siltstones are natural levee deposits. 
Shales are interdistributary floodbasin, lake, and abandoned channel 
deposits. Lignites are swamp and freshwater marsh deposits. The meander 
belts and floodbasins sggraded from a similar base level and produced 
three basic types of cyclic deposits. The streams were stable, moderately 
sinuous, mixed-load, about 115 m wide, 5.2 m deep, and 450 km long. 
There was a fining of load and a decrease in discharge, width, and depth 
with time. This correlates with a decrease in volcanic detritus. 
Most sandstones are volcanic arenites and sedarenites consisting of 
rhyodacite-andesite fragments, quartz, chert, a little plagioclase, and 
fragments of shale, carbonate, and schist. The dominant source was 
probably the Elkhorn Mountains Volcanic field in western Montana. 
The Hell Creek and adjacent strata are deposits of a high-
constructive, sandy, shallow-water lobate delta that prograded into the 
Williston Basin and formed several fluvially-dominated lower delta 
plain fncies. F.nch facics is tens of meters thick and regionally wide-
spread. They overlie prodelta shale (Pierre Formation) and delta margin 
sandstone and siltstone (lower Fox Hills). The Colgate and Marmarth are 
highly meandering channel sandstone facies. The Little Beaver Creek and 
Bacon Creek are slightly meandering channel sandstone and floodbasin 
shale facies. The Huff, Pretty Butte, and lower Ludlow are slightly 




Purpose and Scope 
The purpose of this study is to describe the stratigraphy and 
sedimentology and to construct a model of deposition of the Hell 
Creek Formation in the Glendive area of eastern Montana. The basic 
lithologic units (sandstone, sandy siltstone, shale, and lignite) are 
mapped over an area 16 km by 16 km, and sedimentary structures, 
sedimentary textures, sandstone paleohydrology, and sandstone petrology 
are studied in detail. 
Detailed analysis of depositional environments of Late Cretaceous 
and Paleocene strata in western North Dakota and eastern Montana is 
often restricted to exposures along major streams like the Little 
Missouri River. In the subsurface, interpretations are difficult, 
with most data generated by water resource studies, and coal, petroleum, 
and uranium exploration. 
Intense dissection of Fox Hills, Hell Creek, and Ludlow strata in 
the Glendive area permits detailed analysis of depositional envirorunents 
over an area large enough to have regional applicability. Exposures at 
Glendive are typically more than a hundred meters thick and extend 5 to 
10 km, The strata are well exposed in three dimensions. Thia allows 
spatial relationships of the lithologic units to be determined. Relatively 
1 
2 
clean exposures allow sedimentary structures and textures to be studied 
in the detail needed for determining depositional orlgin, Through the 
study of beds and members, the origin of Hell Creek and adjacent strata 
is determined, and used as the basis for reconstructing large-scale 
deposltlonal events associated with filling of the central part of the 
Williston Basin during Hell Creek time. 
Study Area 
The study area is near Glendive in east-central Montana about 50 km 
from the Montana and North Dakota border {figure 1), at latitude 
46.46' to 47•07• and longitude 104•33• to 104°45'. Parts of the Glendive, 
Allard, Twin Forks Reservoir, and Upper Magpie Reservoir topographic 
quadrangle msps are included. This includes parts of the following 
townehlpe: T. 14 N., R. 55 E.; T. 14 N., R. 56 E.; T. 15 N., R, 55 E.; 
T. 15 N,, R. 56 E.; T. 15 N., R. 57 E.; T. 16 N., R. 55 E,; and T. 16 N., 
R. 56 E. 
The study area lies within the Missouri Plateau region of the Great 
Plains Physiographic Province. Topography of the area varies from 
badlands to floodplain. The floodplain of the Yellowstone River is at 
an elevation of about 625 m. Upland, plateau-like areas south of the 
state park are at an elevation of about 825 m. Most of the area is in 
slope with relief typically of 100 m. Makoshika State Park is in the 
central part of the study area. 
Previous Work 
Study of the Heil Creek Formation dates back to the early 1900s. 
Determination of the age of the Hell Creek beds and overlying Fort Union 
3 
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Figure 1. Location map of the study area. 
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beds was important in this early research, Fossil vertebrates and 
plants were used to distinguish Late Cretaceous strata from Paleocene 
strata. 
Although early reports were little concerned with sedimentology, 
they did provide the stratigraphic and paleontologic basis for later 
work. Many problems treated in the early work were largely solved by 
the mid-1950s, especially those related to recognizing the Cretaceous-
Paleocene boundary. Part of the history ls outlined in this section to 
show the conceptual development of the Hell Creek Formation. 
Brown (1907) noted differences between nonlignitic Hell Creek beds 
and overlying lignite-bearing Fort Union beds in eastern Montana. Fauna 
and flora from these beds were used to correlate the Hell Creek and Fort 
Unlon. Brown named the Hell Creek beds based on type area exposures 
along Hell Creek north of Jordan, Montana. 
Leonard (1907) studied the rocks in the Glendive area and divided 
those above the Pierre Shale into two formations, Similarities between 
the Colgate sandstone of the Fox Hills Formation and the overlying lower 
Hell Creek sandstone led Leonard to include the Colgate in the dinosaur-
bearlng Hell Creek. These two units formed the lower of hls two 
formations. The upper formation consisted of overlying Fort Union rocks 
that were separated from the lower formation by the lowest principal coal 
bed. Leonard also noted the good exposures for the study of dinosaur-
bearlng beds in northwestern Garfield County in the valley of Hell Creek. 
Calvert (1912) described the Lance (Hell Creek) Formation in a 
5 
report on lignite fields of eastern Montana, He deflned the type locality 
of the Colgate sandstone at Colgate Station southwest of Glendive, and 
presented a stratigraphic sectlon from the mouth of Cedar Creek to about 
50 Ian northeast of Glendive. He included the Colgate as a member of the 
Lance (Hell Creek), and described the beds overlying the Colgate as 
somber-colored freshwater shale and sandstone. Varlous authors have 
referred to these strata as Lance, ceratops beds, Lance Creek beds, Hell 
Creek beds, and somber beds. Concerning the contact of the Hell Creek 
and overlying Fort Union beds, Calvert (p, 40) wrote: "although the 
outcrop of the contlnuous lignlte bed serves in a general way as a 
boundary between somber and yellow colored strata corresponding to the 
Lance and Fort Union Formatlons, that outcrop wlll not serve as a 
distinctlve line of contact between the format lone." 
In deecriblng the Glendive lignite field, Hance (1912) gave a 
thickness of 174 m for the Lance Formation, which also included parts of 
Fox Hills and Tullock strata. He noted the absence of economic (greater 
than 0,6 m) lignlte beds in parts of T, 15 N., R. 57 E., and T, 15 N., 
R. 55 E, In thls area, he deacrlbes a thln lignlte bed as the Lance 
and Fort Union contact, In townshlps to the north, he noted a lowest bed 
of lignite, 0,5 m to 2.7 m thick, occurring where the Hell Creek and Fort 
Union boundary was believed to exist, 
Thom and Dobbin (1924) correlated Ludlow beds (upper Lance at that 
tlme) at Marmarth in southwestern North Dakota with the Lebo Member of 
the Fort Union. The Tullock Member of thelr Lance formation was extended 
from its type area (farther west in Montana) to the Cedar Creek Antlcline, 
6 
and correlated with the upper part of the Rell Creek Member of the 
Tullock. In su111m1uy, no clearly defined boundaries existed between the 
Rell Creek and adjacent beds. It remained for later liOrkers to deflne 
the boundaries as they exist today. 
The Lance sec~lon known to Calvert and others (1924) contained a 
lower sandy part and a clayey upper part With thin lignite lenses, iron 
carbonate concretions, snd thin varisble beds. They recognized that the 
Fox Hills was distinct frc,m the Lance, but stlll included the Tullock 
wlth the Lance. Similarities between the flora of the Lance and the 
Fort Union were noted. 
Dobbin and Reeaide (1929) studied the contact of the Fox Rills 
Formation and Lance Formation in the Dakotas snd eastern Montana and 
concluded (p. 25): "The contact of the Lance and Fox Hills is everywhere 
essentially transitional, All angular unconfol'!llitles reported to exist 
between these formations are fllislnter:pretations of faulting, cros9--
bedding, or slumping." At Iron Bluff, a few miles southwest of Glendive, 
they noted a transitional contact frOIII a 11111rine lower member of the Fox 
Hills to a nonma 1 C 1 r·ne o gate Member and nonmar1ne Hell Creek Formation. 
Brown (1938) placed the Cretaceous-Eocene (now- Paleocene) boundary 
in Montana and North Dakota as lt is 
recognaed todsy between Hel 1 Creek 
and Fort Union strata. 
Faunal and floral evidence frOl!l t~ds near the 
upper part of the Hell c k 
ree and low-er part of the Fort 
indicated the Mesozoic-Cenozoic 
boundary. Brown ralsed 
Union clearly 
the Hell Creek 
to the rank 
and studied 
of formation in North Dakota. He (1939) . 
continued that work 
fossil Plant f 8 0 the Colgate Member at 
its type locality 
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southwest of Glend!ve and also studied Colgate and adjacent strata near 
Glendive. He identified 19 spec!es of well-preserved fossil plants thst 
indicated a warm, moist, temperate climate. Collections fr<>111 the Hell 
Creek yielded cycads that confirmed a Late Cretaceous age. Brown 
recognized the following relationships: (1) at Baker, Montana, the Colgate 
is underlain by marine beds of the Fox Hills; (2) at Sand Creek near 
Glendive, marine fossils occur in the Fox Rills underlying the Colgate; 
(3) Tr!ceratopa and cycads establish a Cretaceous age for the Rell Creek; 
and (4) the fossil flora ls similar to that in the Cretaceous Laramie 
Formation of the Denver Baain, 
Dorf (1940) studied the relatlonsh!ps between floras of the Lance 
and Fort Union Format!ons at Lance Creek in Niobrara County, Wyoming. He 
stated (p. 216): ''The Lance Formation in this region, ••• eastern 
Wyoming, eastern Montana, and the western Dakotas, is underlain without 
apparent phys!cal evidence of hlatua by 350 to 500 feet of sandstones 
and sandy shales. These are def!nitely identified as the Fox Bills 
sandstone •••• The upper limit of the Lance Formation, ••• ts drawn 
at the top of the dinosaur-bearing beds. The upper limit coincides with 
a marked change ••• from the characteristic somber colored shales and 
shaly sandstones of the typical Lance to a sequence of. , • yellow 
sandstones, yellowish sandy shales, and workable coal • , , referred to 
as the ''Fort Union" formation on the basis of stratigraphic position, 
absence of dinosaurs, and ••• typical lower Eocene (Paleocene) flora. 
• • These beds are basal "Fort Union" and correspond to the nondinosaur-
bearing Tullock and Ludlow beds and equlvalenta, which d!rectly overlie 
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the Triceratops-bearing beds of the Lance Formation in Montana and 
western Dakotas •• : They are stratlgraphically above typical Lance, are 
lithologically and florally distinct from typical Lance, and are non-
dinosaur-bearing." Dorf's interpretation and stratigraphic section are 
consistent with the present-day Cretaceous-Paleocene boundary between 
the Hell Creek (Lance) and Ludlow (Tullock) Formations. 
Gilles (1952) summarized early investigations of the Cedar Creek 
(Glendive-Baker) anticline. He noted a mean strike of the antlclinal 
axis of N 30° W, a few minor folds with closures of l to 120 m 
that trend northeast, and no faults except one with 10.m of displacement. 
He noted dips on the southern end as 100ch as 37 m/km to the northeast 
and on the northern end about 5 m/km to the northeast, 
In a study of the Wibaux lignite field east of the Glendive area, 
May (1954) provided a stratigraphic description of the Ludlov, Tongue 
River, and Sentinel Butte Members of the Fort Union Formation. The 
Ludlow was considered conformable with the Hell Creek. He described 
the Ludlow as lenticular, somber gray to brown sandstone, shale, and 
thin lignite beds that are transitional to light yellov and tan Tongue 
River beds. 
A discussion of the members of the Fort Union Formation was given by 
Brown (1952). He stated that the Fort Union Fonnation consists of coal 
seaatB, clay, shale, limestone, and sandstone separated by color into 
several light and dark zones called members, From the base up, these 
were the light Tullock, dark Lebo, light Tongue River, and dark Sentinel 
Butte. He also noted that the Tullock and Lebo, southeasrward from Miles 
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City, Montana. gradually bec01De very almilar in color and lithology, 
so as to be Included with the Ludlow Member. 
Brown (1952) formalized a method to distinguish the contact of the 
Hell Creek and Fort Unlon at any given locality: search for remains of 
dlnosaurs as high as they can be found and then look for the first coal 
zone (Fort Union), no matter how thln. He attempted to apply the 
formiila to the Cretaceous-Tertiary boundary in the eaatern part of the 
Rocky Mountains and Plaine region. In this same paper, he indicated 
that the Fort Union flora of mosses, cycads, conifers, palms, weter-
lil!es, hazel, hickory, and oak were unlike the Cretaceous flora of 
palms, cycads, metaaequoia, and broad-leaved dicotyledons. The Cretaceous 
flora was evidence for a low-lying marsh and swamp environment in a 
moist, mild climate, 
Brown (1962) discuased in detail the Paleocene flors of the Rocky 
Mountains and High Plains, His work in the Glendive area established 
a similar age for ceratopsian bones and Upper Cretaceous plants. The 
upper JO m of the Glendive section contained Fort Union plants. Evidence 
for the Cretaceous-Tertiary contact was given, and work on the formula 
for locating the contact 1n the fleld was expanded. He noted that the 
lowest persistent lignlte zone just above the level of the city water 
tank ls the best bed in the area to represent the contact. 
Brovn also gave faunal and floral collecting localities that resulted 
in abundant fossil evidence for distinguishing Hell Creek from Tullock 
(Ludlow) strata. From faunal, floral, and stratigraphic data, Brown 
interpreted the depositional environments to include channel, floodplain, 
swamp, and marsh. 
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Jensen and Varnes (1964) discussed the Colgate and Hell Creek in 
the Fort Peck area. The stratigraphy and aedimentology of Brown (1907) 
along Hell Creek were expanded. They suggested that the channeling 
along the Fox Hills and Hell Creek contact represented a significant 
break in the record. This disagrees with Thom and Dobbin (1924) and 
Dobbin and Raeside (1929) who indicated no significant break in 
sedimentation (other then locally) from the Colgate to the Hell Creek. 
A freshwater origin for the Hell Creek in this area was suggested. 
Taylor (1965) briefly discussed the marine to brackish Fox Hills 
and nonmarine to brackish Hell Creek along the Cedar Creek anticline. 
Basic stratigraphic and environmental relationships follow that of Brown 
(1962). Data from hydrology test holes along the anticline are useful 
in extending members of the Hell Creek from Marmarth, North Dakota to 
Glendive, Montana. 
A comprehensive historical account and stratigraphic treatment of 
the Hell Creek Formation in North Dakota was given by Frye (1967). Study 
of exposures of the Hell Creek in southwestern North Dakota enabled Frye 
to divide the formation into five members. Preliminary study of the 
Hell Creek in eastern Montana resulted in correlation of these members 
from Marmarth to Glendive. 
Frye noted the facies in the Hell Creek generally vary from fresh 
to brackish. A marine facies also occurs near the eastern limit of the 
Hell Creek in central North Dakota. The freshwater facies was interpreted 
to be river and floodplain sediment. A measured section along Cains 
Coulee south of Glendive includes a lower sandstone (unnamed), a sand-
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shale sequence, and an upper shaly sequence, These units were identified 
as the Bacon Creek (part), Huff, and Pretty Butte Members, Frye did not 
recognize an additional 48 m of the lower part of the Hell Creek and, 
therefore, stated thst the Hell Creek at Glendive is only 72 m thick 
instead of 120 m thick, This lower part correlates with Frye's Little 
Beaver Creek and Marmarth Members identified in the Marmarth area. 
Groenewold (1971) described the types and origin of concretions and 
nodules in the Hell Creek Formation in southwestern North Dakota, The 
physical and chemical conditions that formed these features were dis-
cussed. 
Hickey (1973) described the Tullock strata overlying the Hell Creek 
in the Mariaarth area. Depositional environments in the Tullock included 
channel, natural levee, floodbasin, and swamp. Lithologies included 
sand, silt, clay, and coal. 
Moore (1976) studied Late Cretaceous and Paleocene strata along the 
Little Missouri River in southwestern North Dakota and gave interpretations 
of depositional environment for the Hell Creek and overlying Ludlow. 
Lithologic units in the Ludlow consisted of sand, silt, clay, 
and lignite. Depositional environments included alluvial, paludal, and 
some marginal marine. Although the Hell Creek was discussed on a 
reconnaissance basis, comparison of the two formations indicated many 
similarities, 
Moore used the T-Cross coal bed to divide a nonmarine Ludlow from 
an overlying brackish Ludlow, whereas the T-Cross Bed of early reports 
divided Tullock from overlying Ludlow. 
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lam using Tullock and Lebo as restricted to strata near type 
areas farther west in east-central Montana. At Marmarth and Glendive, 
strata between the Hell Creek and T-Cross are herein called Ludlow. 
The U.S. Department of Agriculture and Soil Conservation Service 
(1975) followed the stratigraphic terminology of Rose and others (1955). 
The Hell Creek vss considered a member of the Lance Formation and the 
Ludlow a member of the Fort Union Formation. The contact between the 
Hell Creek and Ludlow was similar to that used by me. The Ludlow 
included parts of the Tullock because the two were very similar and 
could not be easily distinguished. 
Clayton and others (1977) retained the Ludlow Formation in North 
Dakota as defined at the type section. The Ludlow below the T-Cross 
coal was retained as Ludlow. Ludlow between the T-Cross and Tongue 
River was named the Slope Formation. The Tongue River Formation in 
North Dakota was named the Bullion Creek Formation. 
Methods 
Field Methods 
Formation contacts between the Fox Hills, Hell Creek, and Ludlow 
were mapped in the field by walking along exposures and, in less accessible 
areas, by visual tracing. Contacts were drawn on standard U.S. 
Geological Survey 7,5' series topographic maps st a scale of 1:2000. 
Topographic maps are available for the entire study ares. Mapping 
was assisted by serial photographs st a scale of 1:2200. Elevations of 
~ontacta and key units were determined with Paulin Model M-1 Micro-
13 
Altimeter. Benchmark elevations given on topogrsphlc maps were used for 
altimeter control. 
Formation contacts were projected to selected areas. Elevations of 
contacts were also projected using calculated values of strike and dip 
at known contacts. 
General characteristics of the lithologic units are provided by 67 
measured sections (plate 1) and by 8 cross sections (plates 2 and 3), The 
middle position of the traverse used to measure the columnar sections is 
represented by a dot. 
Field description of the units consisted of determining lithology, 
thickness, color, texture, contacts, directional properties (dip and 
azimuth), and reaction to dilute hydrochloric acid (Appendix A). Photo-
graphs of selected features were routinely taken as field work progressed, 
Fossils were collected and identified according to general groups. 
Llthologic samples were collected for textural analyses to determine 
the spatial distribution of texture in sandstone and selected adjacent 
units. The number of samples is heavily weighted toward sandstone, and 
sample intervals vary vertically from 0.5 m to several meters. Grab 
samples of sandstone and other lithologic units were also collected. 
Measureinents of thickness were recorded using a 1.5-m Jacob staff 
graduated in hundreths of a meter and equipped with a moveable handlevel 
and small ruler. Color determinations of mostly weathered surfaces 
sre based on comparisons with the standard GSA Rock-Color Chart 
(Goddard and others, 1963). Texture determinations were routinely made 
by feel and with a hand lens, and periodically compared with a Wentworth 
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sand guage. Directional measurements including dip, str!ke, and 
azimuth were made using a Brunton field compass corrected to local 
magnetic declination, Classification of sedimentary structures follows 
Jacob (1973b). 
In the preparation of cross sect!ons from measured sect!ona, a 
vertical exaggeration of 6X was used. The final format for presentation 
is a reduction of original field notes that were several times larger. 
Correlations of lithologic units between measured sections were made in 
the field by using tripod-mounted 10 111111 by 50 llllll zoom binoculars. An 
average spacing between sections of 700 m made the combination of 
walking the outcrop and tracing with binoculars an accurate method of 
correlating unUs. These methods worked well for determining the 
geometry of sandstone units and relationships of sandstone to adjacent 
units. 
LaborstOIY Methods 
Laboratory methods consisted of sedimentologic end petrographic 
analyses. Samples of sandstone, siltstone, shale, and lignite were 
examined with a Spencer binocular sample 1111croscope with 10 and 30 
magnification. Minute features including lamination, mineral composition, 
sorting, and content of organic matter were studied to assist in deter-
mining enviro11111ents of deposition. About 270 sandstone samples considered 
useful for determining vertical and horizontal variation in texture were 
selected for textural analysis using sieve and settling tube techniques. 
Sandstone samples were disaggregated by hand and mechanically 
sieved. A sieve combination of 20 (0.25 mm), 40 (0.0625 mm), and pan 
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was used to separate sand from silt and clay during ten minutes of 
shaking with a Ro-Tap machine. The 2- and 4- sizes were then combined 
and a 3 g sample was prepared for settling tube analysis by using a 
micro-splitter. The 3 g sample was washed in a solution containing 
Calgon to remove any remaining silt and clay. This cleaning was necessary 
for most samples because sieving did not remove all montmorillonitic 
clay adhering to the sand grains. 
An automatic recording settling tube setup similar to that described 
by Felix (1969) consisted of a plexiglass tube 15 cm in diameter and 173 
cm long. It was equipped with a shutter release at the top and a catch 
tray at the bottom connected to a transducer and Reath chart recorder. 
The instrument was calibrated using various sbes of St. Peter Sandstone 
to provide reproducibility and accuracy in measurement. Water temperature 
was held constant at 22° C by a room thermostat. The amplitude of the 
signal output as recorded on the chart was adjusted to allow about 10 
sand samples to acc\Jlllulate on the bottom tray while maintaining reason-
able sensitivity in the recorded signal. Because each sample was about 
3 g, the total accumulated sediment on the bottom tray for a given run 
did not exceed 30 to 40 g, a weight where signal amplitude became 
excessively damped and insensitive to additions! sample weight. 
The strip chart speed was maintained at 20 seconds for 2.5 cm of 
chart travel. This speed was well matched to the range of expected sand 
sizes and yielded an average settling time of one to two minutes with 
use of only 10 to 15 cm of chart. The resulting cumulative weight 
curves were sufflclent to determine statistical measures. 
I 
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At the end of a sample run, chart time (ln seconds) was converted 
to phi c•> units using a conversion scale prepared from a table of 
settling veloclties for given fall diameters of uniform quartz spheres 
(Gibbs and others, 1971). Sample statistics (Appendix B) including 
median size, average size, 16th and 84th percentiles, and 5th and 95th 
percentiles were determined from each cumulative weight curve following 
the guidelines of Folk (1968). 
Fifty-one thin sections of sandstone were analyzed petrographically. 
Initial sample preparation for 45 of these waa similar to that for size 
analysis. Each thin section is a standard 46 mm by 26 mm and consists 
of loose grain mounts. The remaining six. thin sections were supplied 
courtesy of Mr,.Rod Richter (formerly of Department of Geology, University 
of North Dakota, Grand Forks), These consist of rock chip mounts. 
Petrographic examination was done with a Leitz monocular polarizing 
microscope with an 8-power eyepiece and 10- and 40-power objectives 
(courtesy of U.S. Geological Survey, Bismarck, North Dakota). A 
sliding point counter (mechanical stage) was used for grsin counts. 
Preliminary study of each thin section consisted of identifying 100 
grains. Eleven thin sections were studied in additional detail by 
identifying 300 grains. The Van der Plas ribbon method was used for 
counting gralns. Identification of plagioclase composition follows that 
of Deer and others (1963), and consists of determining the extinction 
angle from 010 sections. From a graph of plagioclase composition 
(albite-anorthite) versus extinction angle of 010 sections, the relative 
percentages of alblte and anorthite were estlmated. The sandstone was 




The main tectonic feature of eastern Montana snd western North 
Dakota is the Williston Basin (figure 2). This sedimentsry basin contains 
deposits of all ages from Cllll!brian to Quaternary. The depocenter occurs 
in northwestern North Dakota at an elevstion (mean ses level datum) of 
about -4270 m. The elevation of the base of the stratigraphic column at 
Glendive is at -2990 m and the top is ~900 m. Structure contours of 
Phanerozoic strata are affected by the Cedar Creek Anticline. 
The Williston Basin is generally thought of as a 1110derately deformed 
foreland bordering an intensely deformed Rocky Mountains (Thomas, 1974). 
During Late Cretaceous time, sediment was derived mainly from the Rockies 
to the west. It was deposited in environments bordering the Cretaceous 
seaway of the Western Interior. The Cretaceous sea gradually retreated 
eastward and left mostly nonmarine deposits frcm, Colgate to Ludlow time. 
The Cedar Creek Anticline trends N 30° W along a line from Glendive 
to Baker, Montana and into South Dakota. It is about 20 km wide. It is 
doubly plunging and asymmetric with the vest flank more steeply dipping 
(4° to 33°) than the east flank (1°). At Glendive, my measurements 
indicate that the top of the Colgate dips less than 1° (10 m/km) to the 


































Figure 2. Map showing tectonic features of eastern Montana and western North Dakota. 








contact) also dips le~s than one degree (11 m/km) to the northeaat. 
These dips indicate corrections for tectonic tllt of strata at Glendive 
are unnecessary for paleocurrent determinations. 
The Cedar Creek Anticline was formed during the Laramide Orogeny. 
It is the result of lineament-block tectonic deformation along basement 
weakness zones (Thomas, 1974). Laramide orogenic forces associated with 
building of the Rockies were deflected by these weakness zones throughout 
the foreland. The Cedar Creek Anticline represents lateral adjustment 
to regional compression and is a drag fold created by block coupling. 
Confinement of major structures within sub-blocks of the overall block 
framework is believed to have created deposltional sub-basins that 
controlled paleotopography and basin environments within blocks. 
Although the Hell Creek shova no marked change in thickness near 
the Cedar Creek Anticline, Hell Creek paleoflov patterns In the Glendive 
area appear to reflect some type of paleotopographic control (paleoflov 
patterns are diecusaed later in thls report). The position and intensity 
of deltaic buildup is a factor probably related to tectonic activity 
along the Cedar Creek lineament. This also is suggested as a cause for 
channel posltion and deltaic buildups in the Early Cretaceous Muddy 
Formation (Bolyard, 1969). 
Part of the Livingston Group (figure 3) is the westward equivalent 
of the Hell Creek Formation and overlying Fort Union Group. Deposition 
of the Livingston Group is related to features near the Rockies including 
the Elkhorn Kountalns, Crazy Mountains Basln, Ileartooth Range, Gallatin 
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Modified from Roberts (1972). 
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deposited during Eagle (83 million years) to Judith River (74 million 
yeara ago) time (figure 3). It was followed by emplacement of the Boulder 
Batholith (74 million years ago) (Smedes, 1966; Roberts, 1972). For 
reference, the Cretaceous-Paleocene boundary at Mat111B.rth, North Dakota is 
dated at about 68 million years (Frye, 1967). It is dated at 63 million 
years in the Livingston area (Roberts, 1972). 
Regressive and transgressive phases of the Late Cretaceous sea are 
reflected in alternating marine and nonmarlne strata throughout the 
Upper Cretaceous section. Gill and Cobban (1973) showed that variations 
in rates of sediment supply and basin subsidence in the Williston Basin 
are reflected in the unevenesa in rates of atrandline movement. Because 
sediment supply is dependent on uplift in the source area, variations in 
tectonic activity in the source area resulted in bursts of sediment that 
formed coarse elastic tongues (Eagle and Judith River Fot111B.tions) into 
flne marine elastics. In addition, volcanic ash falls that formed 
widespread bentonite marker beds in the Upper Cretaceous resulted from 
sporadic periods of increased volcani8111. 
Stratigraphic Setting 
Regional stratigraphy of the Hell Creek Formation and adjacent 
strata is shown in flgure 4, which was drawn from selected well logs 
and exposures that are representative of the various units over the 
reglon. The Pierre, Fox Hills, Hell Creek, and Ludlow Formations are 
exposed along the Cedar Creek Anticline near Glendive (figure 5). 
The Colgate and Hell Creek contact is exposed along Sand Creek and 









GOil' S NCT-1 I 
GARFIEI.I> CO, 
16-38-28 BA 
GLASSCOCK 01 L 






























F1gure 4. Fence diagram of the Hell Creek Formation and adjacent strata from eastern Montana to 
western North Dakota. 
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Figure 5. Geologic map of the Glendive area. Modified from Ross and 
others (1955). Study area shown in center of figure. 
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the Glendive city limits. The Hell Creek and Ludlow contact extends 
over a large part of the study area. It gradually dips to the northeast 
and disappears beneath the surface. 
Although the contact of the Fox Hilla (Colgate) and Hell Creek is 
distinct, the lower contact of the Fox Hilla with the Pierre is transi-
tional and 11111y not be as readily determined in the field. In the Glendive 
area, much of the lower Fox Hills (Timber Lake Member) is distinctly 
banded and smooth sloped. Beds are yellowish gray (or rust colored) to 
whitish. The underlying Pierre is dark gray. The overlying Colgate is 
a distinct light olive gray sandstone that forms steep cliffs. 
From type areas farther west, the Tullock and Lebo Formations may 
be correlated over eastern Montana. The Ludlow Formation may be correlated 
from North and South Dakota to eastern Montana and is etratigraphically 
equivalent to the Tullock and Lebo. Ludlow nomenclature is used for the 
Glendive area due to similarity with the Ludlow along the Little Missouri 
as described by Moore (1976). The Tongue River Formation occurs near 
Glendive but outside the study area. 
CHAPTER III 
DESCRIPTION AND ORIGIN OF LIT!IOLOGIC UNITS 
General 
Lithologic unita forming the Hell Creek and adjacent strata consist 
of (1) sandstone, (2) sandy siltstone, (3) shale, and (4) lignite, They 
are distributed throughout a composite section of about 205 m: 25 m of 
Colgate strata, 120 m of Hell Creek strata, and 50 m of Ludlow strata. 
The relative proportions of each lithology vary for each member. 
The Colgate, Marmarth, and Huff are mostly sandstone. The Little 
Beaver Creek, Bacon Creek, (and Ludlow Formation) are shale and sand-
stone, 
Considering the Colgate, Hell Creek, and Ludlow as a whole, sand-
stone forms the largest volume percent of sediment and genetically is 
the most important unit. Thin beds of laminae of sand are commonly 
associated with the other lithologic units, but it is the abundance of 
thick sandstone in lithofacies wlth the other lithologies that make 
sandstone important in the deposltional history of the Hell Creek 
Formation and adjacent strata, 
Early in thls study, patterns of sedimentation in sandstone units 
were recognized. These patterns consisted of upward-fining grain size 
and changes in primary sedimentary structures from high energy forms to 
low energy forms. The patterns were most recognizable and reoccurring 
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in sandstone units with th!cknesses of 5 to 6 m. In a later section on 
paleoflow analysts. sandstone thickness is shown to be related to depth 
of streams that deposited the sandstone. Sandstone units greater than 
6 m thick generally occur in a upward-fining sedimentation pattern. Also, 
it is shown later that fine-grained units adjacent to sandstone show 
patterns related to deposition in meander belts. 
Vertical contacts of sandstone may be mapped on the typical outcrop, 
but horizontal (lateral) limits require mapping ov·er a larger distance. 
This is because the basic 6-m sandstone unit has a width to thickness 
ratio greater than 20 to 1. Shale and lignite commonly mark the upper 
and lower boundaries of sandstone, respectively. They are used as 
marker beds for. local correlation and commonly for regional correlation. 
Dividing the study section into 6-m intervals based on sandstone 
units permits most units in each interval, member, and formation to be 
mapped, Aside from correlation purposes. it la important that each 6-m 
interval has genetic significance on the same scale. The time of 
deposition of a particular unit may be generally determined in relation 
to a particular 6-111 interval. Because many of the marker beds are thin 
accumulations on, roughly, a local time surface, the scheme of deposi-
tional events in different parts of the depositional complex may be 
traced through the time encompassed by the interval. This 6-m interval 
method may be used to determine the origin of complexly-related units or 
groups of units, 
Plates 5 through 24 are psleoenviroQment maps based on the distri-
bution of lithologic units ln time and space encompassed by successive 
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6-111 intervals. Basically, they show the location of sandstone and 
adjacent units. Paleoenvironment maps were not prepared for the Colgate 
and Marmarth Members because margins of individual 6-m sandstone units 
are difficult to identify. However, the origin of these deposits 
appears similar to 6-m sandstone units (or multiple of 6 m) in other 
members of the Hell Creek. 
Fox Hilla Formation 
Throughout the Northern Great Plains, the Fox RU.ls has been 
reasonably well documented (Dobbin and Reeside, 1929; Brown, 1939, 1962; 
Jensen and Varnes, 1964; Waage, 1968; Feldman, 1972; and Cvancara, 
1976). 
The division of the Fox Hills into the Timber Lake Member (equiva-
lent to Lower Member of earlier reports) and the Colgate Sandstone 
Member is largely based on lithology, color, and paleontology (Feldman, 
1972). In eastern Montana, the thickness of the Fox Hilla varies from 
43 m to 70 m. Log study indicates thickness of the Fox Hills in the 
area surrounding the Cedar Creek anticline averages 64 m, generally 
consisting of 36 m to 43 m of T!mber Lake and 18 m to 24 m of Colgate. 
Thickness of the Timber Lake equivalent was reported to be about 30 m st 
Glendive (Brown, 1939). Thickness of the Colgate varies from about 24 m 
to 30 m (plate 2), Part of this variability is at the expense of the 
Little Beaver Creek Member of the Hell Creek and also the Timber Lake 
Member of the Fox Hills. The typical thickness of the Colgate is about 
24 m. Overall, the Fox Hills is about 21 m thinner within the anti-
cline. This thinning is largely in the Timber Lake Member. 
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Timber Lake Member 
The Timber Lake Member consists of poorly lithified sandstone, 
siltstone, and claystone in thin beds less than a meter thick and 
laterally extensive. The lower contact is transitional over several 
meters from dark gray, tnoceramus-bearing, concretion-bearing shale of 
the Pierre Fot111Btlon to brown and gray sandy claystone and clayey 
sandstone of the Timber Lake. The upper part of the Timber Lake consists 
of sandy siltstone, claystone, and sandstone. The units form thin 
beds with transltional contacts. Internally, the sand is thinly lami-
nated. Silt layers are interlaminated with sand. Fissile claystone is 
interlaminsted with very flne sand and silt. 
The weathered color of the Timber Laite varies from dark brown to 
creamy brown. "spherical, dark yellow brown iron concretions as much as 
several centimeters in diameter are common in the upper part. Dobbln and 
Raeside (1929) described Halymenites (• Ophiomorphs) major and well 
preserved fossil plants from this part. I have also observed fossil 
Ophiomorpha burrows. The upper contact with the Colgate is erosional and 
generally flat. The Timber Lake weathers to amooth slopes. Figure 8 
shows a poorly expoaed Timber Lake below well-exposed Colgate. 
The Timber Lake forms part of a regressive sequence that overlies 
offshore shale of the Pierre. It" is overlain by nonmarine deposits of 
the Colgate. At Marmarth, most of the Fox Hills is marine to brackish 
based on its invertebrate fossils. At Glendive, the Timber Lake is 
probably a shallow marine (littoral to subllttoral) deposit based on the 
presence of Ophiomorpha. The overlying Colgate appears to be fluvial. 
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Colgate Member 
The Colgate Member of the Fox Hille Formation overlies the Tilllber 
Lake Member of the Fox Hills and underlles the Little Beaver Creek 
Member of the Hell Creek Formation. It is present throughout the study 
area with the best exposures along Sand Creek and the Yellowstone River 
southwest of Glendive. The Colgate dips below the surface near Glendive. 
Cross sections SC (Sand Creek) and Y (Yellowstone) (plate 2) show these 
exposures. 
The Colgate is a thlck, widespread, light olive gray, cross-stratified 
sandstone. It la mostly sandstone with a clay mstrix of 10 to 15 
percent and thln beds of shale, siltstone, and lignite. It weathers to 
steep-sided, fluted cliffs. Figures 6 to 8 show typlcsl Colgate expo-
aures. 
The lower contact is flat and erosional. The upper contact ls 
gradstional with Hell Creek bentonitic shale. The bentonitic shale 
may occur as a cap on Colgate sandstone cliffs, 
The upper contact of the Colgate was the subject of early dla-
cuasions involving the Colgate and Hell Creek. Brown (1939) noted 
channeling of the Hell Creek into the Colgate and recognized its local, 
fluvial origin. Jensen and Varnes (1964) suggested the channeling 
represented a disconformity, but they did know how widespread it was. 
Excellent collectlons of fossil leaves have been made from fine-
grained parts of the Colgate (Brown, 1938; 1952; 1962). The species are 
typical of a warm, moist, temperate climate. 
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Figure 6 . Exposures of Fox Hills (Co l ga te Memb er) and Hell Cr eek 
(Little Bea ve r Creek, Ma rmarth, Bacon Creek , and Huff 
Members) Formations near section Y6 , pla t e 2 (T . 15 N. , 
R. 55 E. , sec . 15, SE\ ). Note s ingl e sandstone unit 
(1), very-large-scale se ts of c r oss strata (2) , lignit e 
(3) , bentonite (4) , and r epe titive sandstone unit s (5) . 
Figure 7. Exposures of Colga t e , Littl e Beaver Cr eek , and Ma rmar t h 
Memb ers near sec tion YJ, p l a t e 2 (T . 15 N., R. 55 E . , 
sec . 26 , NW\) . Note ver ti ca l stac kin g of sandstone units 
(1), channeling of Little Beaver Creek sandstone (2), 
l a r ge-scale-se t s of cross strata ( 3), bentonit e (4) , 
and sandy siltstone and shale unit s (5). 
3') ,_ 
figure 8 . Exposures of Timber Lake, Colgate, and Little Beaver 
Creek Members near section Yl, plate 2 (T. 15 N. , 
R. 55 E., sec . 26 , SW!i;). Note smooth slopes of Timber 
Lake (1), fluted cliffs of stacked Colgate sandstone 
units (2 ), very - large- s cale 3ets of cross strata (J), 
a nd bentonit e (4). 
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Sandstone 
Strstigraph7.~The lower contact of Colgate sandstone wlth the 
Timber Lake Member is sharp and distinct, Although the upper contact 
may be gradation.al over a few meters, overlying bentonitic shale of the 
Little Beaver Creek Member provides a marked contrast in color and 
lithology from the underlying sandstone. 
The Yellowstone (B-B') and Sand Creek (A-A') cross sections (Plate 
2) show the thickness of the Colgate as 24 to 30 m. For comparison, the 
average thickness for the Little Beaver Creek Member is about 12 m along 
the Yellowstone (B-B') cross section and about 6 m along Sand Creek (A-A'). 
It appears that the thickness of the Colgate may increase at the expense 
of the lower pa-rt of the Hell Creek as well as the upper part of the 
Timber Lake. 
Weathered exposures are light olive gray (5Y6/l). The Colgate has 
a whitish, bleached appearance in contrast to the yellowish Timber Lake 
and subtle, dark gray and yellowish gray Hell Creek. Two factors 
responsible for the color of the Colgate are mineralogy of sandstone and 
amount of silt and clay in the matrix or in thin iaminae and beds. 
Compared to the overlying Hell Creek, the Colgate has more quartz (light 
colored) and less volcanic rock fragments (typically dark colored), 
Silt causes the yellowish gray and clay (shale) causes the dark shades 
of gray. 
Near Iron Bluff just west of Sand Creek, exposures ere dark yellow-
ish orange. Brown (1938) attributed this to deposition of iron minerals 
leached from overlying Hell Creek sandstone. 
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Other characteristic colors are light olive gray (5Y5/2) for 
bentonitlc shale, yellowish brown (loYR6/2, loYR4/2) for lignitlc and 
carbonaceous shale, and yellowish brown to yellowish orange for silt-
stone. 
Colgate sandstone has characteristic weathering features including 
inverted Vs, flutes, rills, and a variety of nodules and concretions. 
Rills are common in sandstone that is poorly consolidated (friable) and 
clayey. Rills and flutes originate as rill wash, where the wetting of 
sandstone and swelling of the clay matrlx are important. They occur 
throughout the Colgate but are most abundant in fine to very flne 
sandstone with 10 percent or more silt and clay. Rill and flute forma-
tion is very active in fine, clayey, upper parts of 6-m sandstone 
intervals (figures 6 and 8). 
Large inverted Vs are narrow at the top and wide at the bottom. They 
are commonly several meters high and a meter wide. The apex often 
occurs in rilled sandstone. The base is generally near the lower part 
of the sandstone unit and forms a cave or cavity that is connected to 
deep flutes above it by a throat (opening). Thia throat conducts water 
that gradually enlarges the network of openings by piping. Eventually 
the network of openings become sufficiently large to weaken part of an 
outcrop and cause it to slip down. The face of the outcrop then becomes 
nearly vertical. 
Flutlng is common in friable sandstone with montmorlllonitic clay 
and volcanic rock fragments (source of allies). Jacob (1975) suggested 
that silica in volcanic rock fragments ls dissolved to provide enlarge-
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ment of small channels. He noted that Sentinel Butte strata ln North 
Dakota meet the above criteria and have large, inverted Vs. 
Local cementlng by calcium carbonate and iron oxides (limonite, 
hEIIIBtlte, slderite) forms concretions that are associated with internal 
structures ln sandstone, Internal and external form, as shown on 
concretions weathered into relief, resembles large-scale and small-scale 
cross strata. The large-scale forms are as much as a meter thlck and a 
fl!!tl meters long. From a dlstance they appear ledge-like and dlscontin-
uouS• Small-scale forms are very local and less than a meter th!ck. 
Thln concretionsry layers that outline the shape of very-large-scale 
cross strata are common in the Colgate. The concretions are yellovish 
graY (with a slightly greater yellow hue than surrounding sediment) to 
dark yellowish orange, 
Colgate sandstone is moderately consolidated although resistant 
to the geologists pick, it is friable and may be disaggregated. S11111ll 
amounts of shale occur in the Colgate near the top of 6-m intervals and 
in thin beds near the top of very-large-scale cross strata. This latter 
occurrence fonns partings that outline the shape of very-large-scale 
cross strata. The shape is a gently dipping profile tens of meters long 
and in sets about 6 m thlck (figures 6 to 8). Minor detrltal lignite 
also occurs along bedding planes of cross strata, partlcularly very-large-
scale sets. Weatherlng of the lignite produces a characteristic pale 
broWII color that helps define the shape of very-large-scale cross strata. 
Except for fossil flora on partings, Colgate sandstone is largely 
unfosslllferous. 
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Sedimentology.~Sandstone units in the Colgate form repetitive 
patterns or cycles of sedimentation. Each cycle has an average thick-
ness of about 6 m and an extent of thousands of meters. In general 
there ls an upward decrease in structure size and grain size, but the 
specific profile depends on the original depositional setting. 
As a whole, sandstone in the Colgate Member is mostly fine to medium 
grained at the base and fine to very fine grained near the top. This 
is a pattern that is repeated several times within the member. Excluding 
matrix silt and clay, sandstone fornts more than 90 percent of the member, 
with the remainder formed of thin siltstone, shale, and lignite beds 
that occur locally in the upper parts of the 6-m intervals. 
In these sandstone intervals, the amount of silt and clay matrix 
increaaea upward. It fornta 3 to 4 percent of the lowermost part and 
averages nine percent for the lower one-half to one-third of the interval. 
The amounts of silt and clay in the upper·one-half to one-third average 
about 15 percent, but the extreme upper part may contain as much as 
30 to 35 percent. 
Five basic types of primary sedimentary structures are present in 
the Colgate (figures 9 and 10). Arranged approximately by occurrence 
from bottom to top in an idealized cycle the types are (1) flat strata, 
(2) large-scale cross strata, (3) small-scale cross strata, (4) other 
minor stratification, and (5) very-large-scale cross strata. Cross 
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Figure 9. Cross section of Colgate Member (plate 2) showing texture and structures. Legend is 
given on plate 2. 
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Figure 10. Interpretive diagram showing texture and structures of Colgate sandstone based on 
average values from the Glendive area. Legend fs given on plate 2. 
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The classlfication of cross strata follows that of Jacob (1973). 
(1) Flat strst!ficstion. Tvo types of flat stratiflcatlon are 
present, One type is associated with the coarsest sand sizes, low 
amounts of silt and clay, and large-scale cross strata. It occurs in 
the lower part of the ideal pattern or cycle. The second type is 
associated with flner sand slzes, moderate to high amounts of silt and 
clay, small-scale cross strata, very-large-scale cross strata, and the 
upper part of the 6-m cycle. 
The first type consists of sandstone laminae as thick as a few 
millimeters and as extensive as a few meters. The total thickness of 
grouped laminae appears to be a meter or leas, but it is often difficult 
to detect due to an indistinct, massive appearance. Small differences 
in grsln size and mineralogy allow laminae to be separated from one 
another. 
Flat strata are abundant at the base of the Colgate and in the 
lower one-half of individual cycles, Medium-grained sand is abundant and 
the amount of silt and clay is 5 percent or less. This type of flat 
strata also occurs in the middle of the cycle but rarely above that. 
Large-scale sets generally occur above it. Mud pebble conglomerate ls 
common in these flat strata. 
Large grain size, good sorting, and posltion relative to large-
scale cross strata indicates relatively high energy depositional 
environment for flat strata. Each lamina ls bounded by erosional 
contacts that are nearly flat (up to 3°) and may be traced for meters 
before converging, almost imperceptibly, with one another. Each lamina 
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shows graded stratlflcatlon wlth the coarse sizes near the base and flne 
sizes near the top. The contact wlth overlying large scale cross strata 
is eroalonal and flat .to gently undulating. 
The flat strata are Interpreted as plane bed deposits. Overlying 
large-scale cross strata are fluvial (unidirectional current) and the 
sequence of structures containing flat strata suggest an upward decrease 
in flow energy. Posltion in the lower part of a 6-m deposit, flat 
geometry, grain size, and mud pebble conglomerate indicate flat strata 
are channel and lower polnt·bar deposits. Parting lineationa were not 
noted. The above type of flat stratification is equivalent to upper 
phase plane bed. 
The second. type of flat strata has characteristics of a lower 
energy environment and ia equivalent to lower phase plane bed. Because 
it occurs with other low energy forms of strata it is discussed with 
small-scale cross strata. 
(2) Large-scale cross strata. Large-scale cross strata form the 
largest volume of sedimentary structures observed in the Colgate. The 
two types most often noted are (1) grouped, planar, parallel sets of 
high angle, straight cross strata, and (2) grouped, planar, convergent 
sets and slightly irregular to gently curved, convergent sets of high 
angle, gently concave cross strata. In a given 6-m cycle the first 
type is lowermost and, if present, the second type occurs above it. 
Both types are rarely found in the upper part of the cycle. Planar 
parallel sets correspond to tabular sets of older terminology, planar 
convergent sets are wedge sets, and curved sets are trough sets. 
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Set thickness decreases for each 6-m interval or portions thereof, 
and varies from 0.2 to 2 m. The thickest sets (2 m) occur in roughly 
the lower one-half to two-thirds of the interval. Thinner sets (0.3 
to 0.6 m) are coD11110n in the upper one-half to two-thirds and are asso-
ciated with other smaller scale structures (less than 5 cm) that indicate 
a decrease in flow energy. 
The bounding surfaces of the typical set are planar and usually 
parallel. They are erosional and each flatly truncates the next. This 
indicates that high energy conditions created bedforn1s on which the 
avalanche slope rapidly advanced over a plane surface. The plane 
surface is created by a rapidly advancing dune front. The bounding 
surfaces were traced for tens of meters along the outcrop and probably 
extend farther •. 
Geometric and directional properties of large-scale cross strata 
offer evidence for origin. Typical maximum dips on cross strata are 15° 
• to 29, and they are generally straight. A set typically consists of 
medium to fine sand. A cross stratum, up to s centimeter thick, is 
medium grained st the base and fine grained at the top. Contacts between 
cross strata ere sharp and the lower bounding surfaces are discordant to 
tangential. The cross strata are foresees of dunes created in a high 
energy environment. Paleocurrents are unidirectional. 
Paleocurrent data, large structure size, large grain size, and fair 
sorting indicate a fluvial origin for large-scale cross strata. The 
average amount of silt and clay is about 9 percent. This is typical of 





load carried bys stream and the total load is 7 percent sand (Schumm, 
1963, 1968), Cross strata are formed by avalanching of sediment on the 
lee slope of relatively stralght-crested dunes. The stream power ls 
sufflclent to remove topset and bottomset beds. 
For large-scale sets with curved or convergent contacts and gently 
concave, tangentlal cross strata, a decrease in stream power may account 
for increased curvature in surfaces. There is more scouring, sorting, 
and filling to form large flelds of dunes that have sinuous crests. 
The two types of large scale cross strata may coexist in the same 
general range of hydrodynamic conditions. A small shift in flow velocity 
(as!ltlmlng texture is essentially the same) may change planar, parallel 
sets of straight cross strata to curved cross strata. In addition, flow 
depth appears-to have decreased with time from that producing thick, 
meter-size sets to that producing tenths-of-a-meter sets, Flow conditions 
producing these large-scale cross strata occur in a fluvial envirorunent 
where current strength and depth depend on the stage (flood). As is 
shown later, these flow conditions and bedforms occur in the lower to 
middle part of the point bar setting. 
(3) Small-scale cross strata, Small-scale cross strata generally 
occur near the upper part of the typical 6-m interval. Although volumet-
rically small, these forms reflect a decrease in flow energy from 
large-scale cross strata of the lower and middle part of the 6-m interval 
to small-scale forms and flner textured sediment of the upper part. 
The types of small-scale cross strata include grouped, planar 
parallel and planar convergent sets of hlgh and low angle, straight 
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cross strata and grouped, irregular to gently curved sets of hlgh and 
low angle, gently concave cross strata. The sets are generally a few 
centimeters thick and form cosets up to a few tenths of s meter th!ck. 
The sets generally occur above large-scale sets and are often associated 
with flat stratification (lower phase), irregular (wavy to draped) 
stratiflcatlon, and rlpple stratification. The cross strata consist of 
fine to very flne sandstone and about 15 percent silt and clay. Over-
lying sediment consist of poorly sorted sand, silt, clay, and organic 
matter In thin, flat-lying laminae. 
Small-scale cross strata are Interpreted as ripple foresets formed 
in relatively shallow water in the middle to upper point bar environment. 
They occur in a sequence showing an upward decrease in texture, sorting, 
and scale of structure. In addition, they occur wlth known fluvial cross 
strata. Paleocurrent data indicate a unidirectional current aligned 
parallel to fluvial trends established by other methods. Therefore, 
small-scale cross strata are probably fluvial deposits. 
(4) Other minor stratiflcatlon. This category includes structures 
that trend toward a successively smaller.scale, finer grain ai%e, and 
poorer sorting, all suggesting an upward decrease in flow energy. The 
forms include flat stratification, irregular or wavy stratification, 
rlpple stratification, and climbing ripple stratiflcatlon (rlpple 
lamination and ripple drift lamination, respectively, after McKee, 
1965). 
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Flat stratlflcation, of the second type discussed ln (1), conslsts 
of thln laminae of very fine sandstone, siltstone, snd shale. Lignite 
fragments, other 9rganic matter, and shale sre interlaminated. The 
laminae are discontinuous and usually associated with irregular contacts, 
giving a draped appearance to the deposit (compare with figure 30). This 
stratification is commonly only a few tenths of a meter thick. It 
occurs in the uppermost part of a 6-m deposit. 
Flat, irregular, and wavy stratification are deposited by weak 
currents. Overall, the graln size is fine (20 to 40 percent silt and 
clay) and sortlng is poor. This suggests shallow water depths, low 
current strength, and great variabllity in load type and velocity. The 
position of the-strata above other fluvial (point bar) forms supports an 
origin as topstratum deposite of point bars. Depending on the relative 
proportions of sand and silt, these deposits may also grade upward into 
sandy siltstone. 
Ripple lamination and climbing ripple lamination consist of very 
flne sandstone and siltstone, which are better sorted than the flat 
strata. The form resembles ripples, In-phase forms consists of lamlnae 
upon laminae with waveform symmetry ln trough and crest. Out-of-phase 
forms are less symmetric and lamlna appear to climb, Bounding surfaces 
of the laminae are often deflned by organic matter. 
Rlpple lamlnations are deposited in shallow water with weak currents. 
If the amount of suspended load becomes large, a high rate of deposition 
in relation to forward movement of the ripple traln may result in 
climbing ripple stratlfication (ripple drift lamination), The angle of 
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climb is relatively low. Ripple and climbing ripple strata were noted 
in the uppermost parts of the 6-m interval. 
(5) Very-large-scale cross strata. The Colgate contains excellent 
examples of very-large-scale cross strata. Identification is aided by 
thin shale and lignite partings that outline the general shape contained 
within a massive background of light olive gray sandstone (figures 6 
to 8). When added to previous data on primary sedimentary structures 
and textures, very-large-scale sets of cross strata are diagnostic of 
the point bar environment. Abundant fossil leaves occur in the partings 
of these cross strata. 
The Yellowstone (B-B') and Sand Creek (A-A') cross sections (plate 
2) show that the sets are grouped. Those near section SC4 are typical. 
Depending on degree of development and preservation, a set is about as 
thJ.ck as a 6-m interval. This fact helps distinguish one 6-m interval 
from another in a multistory sandstone. The width is a few tens of 
meters to a few hundreds of meters. 
At a distance, the lower bounding surface of a set may appear 
reasonably flat, but not necessarily sharp or distinct. Close inspection 
shows the contact to actually be irregular, as ls expected in an energetic 
point bar setting. The upper bounding surface occurs in fine grained, 
poorly sorted sediment. It is more transitional than the lower contact, 
which is underlain by relatively coarser grained, better sorted, cross-
stratified sediment. 
Very-large-scale sets show a three-dimensional form representative 
of the shape of the depositional surface. The direction of maximum dip 
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of partings is about normal to paleocurrent trend. Therefore, exposures 
normal to the paleocurrent trend of the sandstone unit show the best 
developed and largest number of very-large-scale cross strata. 
The cross strata are roughly aigmoidal. Dips on the partings of 
the cross strata are from 4° to 9°. Moat show a somewhat flattened 
upper part, a steep and straight middle part, and where preserved, a 
gently sloping lower part. Because partings in the middle dip the most, 
they are easiest to distinguish and 1118P, 
A single parting represents only the upper boundary of the cross 
stratum. The lower boundary may consist of sandstone (for thick cross 
strata) or varying proportions of sandstone, siltstone, and shale (for 
thin cross strata). 
The cross strata are thickest through the middle part and thinner 
near the bounding surfaces (topaet and bottClllaet accumulations). A thick 
cross stratum is typically 1 to 2 m thick; the thinnest is a few tenths 
of a meter thick. In a 6-m sandstone unit showing these features, 
thickness and texture decrease upward in a stratum. 
Very-large-scale cross strata encompass other primary sedimentary 
structures and textures. Patterns in the type and si%e of other struc-
tures within a cross stratum sre related to local depositional conditions 
on various parts of the depositing surface (point bar). A thick cross 
stratum typically contains large-scale cross strata a few tenths of a 
meter thick grading upward over a meter or so to small-scale cross 
strata and various flat strata. In a thin cross stratum, large-scale 
cross strata may be absent and only smaller, thinner forms may be present, 
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Partlngs conslst of laminated shale, organic matter, or siltstone, 
and are typlcally a few centlmeters thlck, 
There seems little doubt that these very-large-scale cross strata 
are point bar deposits. They are accumulations of fine and coarse 
elastics on the point bar surface extendlng from mean water level of a 
stream to higher parts of the bar developed during flood stage. These 
features are similar to those noted by Frye (1967) and Moore (1976) in 
the Hell Creek. 
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Figure 11 shows the origin of the sequence of primary sedimentary 
structures and textures in an upward-finlng sandstone. This model 
provides a basis for the 6-m cycle that may be stacked ln the same 
general depositional area to form multistory sandstone units, A similar 
basic model ls commonly used to explain deposition in stable alluvial 
channels in other modern and ancient depositional systems (Bernard and 
Major, 1963; Allen, 1965; Harms and Fahnestock, 1965; Simone and Richard-
son, 1965; Visher, 1965; LeBlanc, 1972), 
In a model of a meandering stream with sandy point bars, deposition 
is basically by lateral accretion. Most of the work occurs during 
erosion of the cuthank and deposition on the point bar during flood. 
Flow is across the polnt bar and in the direction of average downstream 
flow. It is termed helicoidal flow (Allen, 1970). That ls, in addition 
to main flow component directed downstream, flow has a component directed 
from the base of the channel, upslope along the surface of the bar, and 
toward a position higher on the bar determined by flood stage. This 
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Figure 11, Diagram showing general characteristics and depositional origin of pofnt bar sequences 
in strata near Glendive. Legend is gfven on plate 2. 
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channel, Shear stress decreases up the surface of the bar according to 
water depth and veloclty. 
Varying stream power (velocity times.shear stress) causes various 
bedforms that may result in very-large-, large- or small-scale cross 
strata, or several types of flat to wavy stratification. Similar types 
of stratification typically develop on similar parts of the point bar at 
a predictable distance upslope from the channel, Therefore, as the 
stream migrates laterally, an offlsp sequence or pattern of primary 
sedimentary structures and associated textures develops horizontally and 
vertically. Differences between a given pattern and the model pattern 
may be caused by random processes associated with varying flood condi-
tions. For example, large-scale cross strata may occur in an othen,ise 
fine-grained deposit with smaller scale features, or a uniformly developed 
sequence may be eroded and covered by succeeding sequences, However, 
relatively consistent sedimentation patterns are recognized from detailed 
analyses of structures and textures. This suggests that much of the 
stacking of multilateral, multistory Colgate sandstone units did not 
involve deep erosion of older sandstone. 
The most common pattern of textures and structures shown by the 
model (figure 11) consists of upward-fining texture and decrease in size 
of cross strata. Upper-phase flat stratification may form in the lower 
to middle part of the point bar that typically experiences a large flow 
power. Preservation is uncommon possibly due to short periods of 
supercritical flow during high stages. Higher on the point bar, stream 
depth and velocity are more favorable for creation of and deposition on 
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dunes, 
The bulk of the typlcal 6-rn aandstone interval consists of large-
scale cross strata, The bar and channel profile shown in figure 11 were 
geometrlcally reconstructed using data on channel width, depth, and bar 
profile obtained from very-large-scale cross strata and profiles of 
abandoned stre8ll'I channels in the Colgate, From this profile, it is 
obvious why large-scale cross strata form the greatest part of the 
interval. If thle reconstruction is accurate, flow depth during flood 
flow for an average set of 0.6 mis about 5 m. Thia compares favorably 
with eat:lmates of 5.1 rn, from the graph of flow depth and set thickness 
of Allen (1963). 
Higher on the point bar, in areas with decreased shear stress, 
srnal 1-scale cross strata are formed of fine to very fine sand. In the 
Colgate, this occurs above large-scale sets. 
Lower-phase flat stratification and other forms associated with 
fine-textured, poorly sorted sand occur above small-scale sets. The 
depositional environment is low in energy probably due to waning flood 
or large distance from high energy conditions. These deposits are 
interbedded with overbank deposits. 
Floods that cover most of the point bar may leave a conspicuous 
parting of very fine grained sediment draped over the surface of the bar 
as water recedes and available depositional energy is low. Partings of 
clay, silt, and organic matter accumulate in thin layers marking the 
conclusion of flow in a particular flood event. Preservation of the 
parting depends on its thickness and resistance to erosion, and on the 
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erosive power of later floods. Based on the large number of vell 
preserved very-large-scale cross strata, meandering in a consistent 
direction is inferred. Their presence confirms a fluvial origin for the 
Colgate; their geometry may be used in reconstructing details of Colgate 
meander belts. 
Paleofl°"' Character.--Paleoflov analysis of the point bar environment 
includes stream vldth, depth, width to depth ratio, sediment-load 
characteristics, sinuosity, discharge characteristics, channel slope, 
length, and drainage area (table 2, p. 252). There is excellent agreement 
between field relationships here and field-tested empirical relationships 
developed by Schumm (1960, 1968) for alluvial rivers. Many of Schumm's 
relationships were also successfully applied to the alluvial Ferron 
Sandstone (Late Cretaceous) (Cotter, 1971). Schumm's work on modern 
streams in the Great Plains and modern and ancient streams in Australia 
demonstrated the validity and usefulness of these relationships. 
The geometry of very-large-scale cross strata and of abandoned 
channel deposits are used to estimate stream vidth and depth, Very-
large-scale cross strata indicate that the average Colgate stream vas 
about 120 m vide. Very-large-scale cross strata average 80 min width 
in sections shoving cross strata with maximum dip. Direct measurement 
of a channel cross section was made using an abandoned channel deposit 
near section Y2 (plate 2). This yielded a stream width of 120 m, which 
compares exactly with the width from very-large-scale cross strata. 
It indicates very-large-scale cross strata are about two-thirds the 
bankful width of the stream. A two-thirds relationship was also applied 
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by Simons and Richardson (1965), Allen (1970), Cotter (1971), and Jacob 
(1973a) to estimate stream width In meandering stream deposits. 
Using similar geometric methods, stream depth is estimated to be 
5.3 m. Very-large-scale cross strata often extend from top to bottom of 
an interval about 6 m thick. However, the lowermost parts of the cross 
strata are not always preserved and the uppermost parts may be difficult 
to separate from flat-lying overbank deposits. The channel depth inferred 
from an abandoned channel deposit is the depth in the bend near the 
point bar, and this depth is slightly larger than in a straight reach. 
Therefore, as suggested by Jacob (1973a), the average thickness from an 
abandoned channel measurement should be reduced by about 10 percent to 
allow its use in Schumm's equations, which were developed for straight 
reaches of meandering atreams. A depth of 5.3 mis used in equation l 
to calculate the sediment-load parameter, M. 
For comparison, water depth calculated from thickness of large-
scale cross strata using s graph of dune height and water depth 
(Allen, 1965) agrees with the above values. Allen's relation applies to 
straight-crested, large-scale dunes and yields a water depth of 7.8 m 
for dunes l m high. Using 0.1 m high dunes, water depth is estimated 
at 1 m. A check on water depth for dunes in various positions on the 
point bar (figure 11) indicates reasonable agreement between geometric 
requirements of point-bar position and likely water depth during an 
average annual flood. The larger dunes apparently required a flow depth 
about 2 m greater than bankfull stage. 
For paleoflow analysis, the key determination is the amount of silt 
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and clay carried in the stream channel and the amount deposited in the 
banks. According to Schumm (1968), the weighted mean percentage of silt 
and clay describes the physical characteristics of sediment in stable 
alluvial streams. The shape of alluvial channels in relation to the 
weighted mean percentage of sllt and clay was discussed by Schumm (1960, 
1968). 
Equation 1 expresses weighted mean percentage of silt and clay (M) 
in terms of channel width (W), channel depth (D), percentage of silt and 
clay ins channel samples (Sc)' and percentage of silt and clay in bank 
sample (Sb): 
The equation is particularly sensitive to values of Wand Sc because 
their product controls the equation. 
(1) 
The amount of sllt and clay in channel alluvium, Sc' is estimated 
to be 7.5 percent. Channel alluvium is identified from texture profiles 
ln a typical 6-m interval (figure 12). Large-scale cross strata and 
flat strata occurring near the base of the interval are used to infer a 
lower point bar setting. Most values used in determining an average 
value for S are from sediment in the lower one-half of the interval. 
C 
The amount of silt and clay here ranges from 3 to 11 percent. 
The amount of sllt and clay in bank alluvium, Sb' is estimated to 
be 23 percent. The difference between Sc and Sb affects channel morphology. 
In simple terms, a silt and clay bank ls resistant and tends to keep the 
channel flxed, A sand bank is erodible and allows the channel to shlft 
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more easily. Generally, where Sc is low, Sb ls low. For the above 
values of W, D, and Sc• the bank alluvium should contain 15 to 25 
percent silt and clay (Schumm, 1960; 1968), 
The value of Sb was determined by studying the texture distribution 
in the upper one-half to two-thirds of the typical 6-m interval. Thls 
interval includes upper point bar and natural levee sediment. It is the 
sediment the channel would have to erode during lateral !lligration, It 
ls basically sandstone with about 16 percent silt and clay, excluding 
shale partings of very-large-scale cross strata, Because these partings 
are observed to form up to 20 percent of the bank, a small correction to 
Sb is made to account for the non uniform concentrations of silt and 
clay present in most of the sandstone units. This correction amounts to 
several percentage points. When added to Sb, a more realistic value 
(compared to raw field data) of percentage of sllt and clay in the bank 
ls obtained, When used in regression equations that follow, the new 
value shows better agreement with the regression curve than does the raw 
fleld value. This is probably due to spot sampling and stratlfi~ 
sampling which are often too widely spaced to detect partings. There-
fore, Sb is adjusted according to: 
S • 0.2 {100% parting silt and clay)+ 0,8 Sb 
b{adj) {obs) 
(2) 
The adjusted Sb provides a more accurate value, although inspection of 
equation 1 shows that a few percent change in Sb does not change the 
value of M by a large amount. 
Using the above values of W, D, Sc' and Sb' the weighted mean 
percentage of silt and clay ls 8.7. 
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Thia value la typical of a mlxed-load stream with bedload (sand) 
forming about 7 percent of the total load (Schumm, 1968). 
Regression curves relating M to width, depth, and ratlo of wldth 
to depth are given by Schumm (1960). For Colgate sandstone units, 
W/D is 23. This compares favorably with 25 calculated from a 
regression equation for ratio (F) of width to depth: 
F • 255 M-l.OB. (3) 
These values are typical of mixed-load streams where the bedload 
ia high. 
The ratlo of wldth to depth may be determined only from estimates 
of Wand D from field features, but a check using equation 3 is 
recommended. This insures channel shape is consistent with the type 
of sediment load. Poor field estimates of wldth or depth may be 
detected if the ratio of wldth to depth appears inappropriate for 
the amount of silt and clay present in channel and bank alluvium. 
Subsequent calculations of paleoflow parameters using Schumm's 
relationships depend heavily on the accuracy of the sediment-load 
parameter because they are not as easily checked in the field. 
Sinuosity (P) is calculated using the following equations: 
P • 0.94 M· 25 and (4) 
l 
P2 • 3,5 F-·
27 (5) 
The values are 1.6 and 1.5 respectively. The average (to two 
slgnificant figures) is 1,5, Colgate streams were moderately sinuous 
with about 1.5 km of stream length for each l km of valley length. 
This is typical of mixed-load streams. ·Because equatlon 4 is based 
on the value of Mand the value of P1 agrees with P2 (which may be 
detetm1ned independently), the accuracy of M la considered good. 







, and (6) 
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0.6 M,34 (7) 
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The values (SI) are 140 m /sand 250 m /s, respectively. The 
average is 200 m3/s. The agreement of values incresses if the value of 
Sc used in equation l was about 10 percent instead of 7.5 percent. There 
is better agreement between Qml and ~ 2 as M increases fr""' the Colgate 
to the Rell Creek and Ludlow. 
The mean annual flood (Q
1118
, in cfs) is estilllated from the relation: 
log Qma • 0.268 + 0.469 log M + 1.378 log W(ft)' (8) 
3 The SI equivalent is about 560 m /s, The mean snnusl flood has a 
recurrence interval of 2.3 years. 
Schumm (1968) used discharge and sediment load to determine meander 
length (L, in feet) according to the following equations: 
234 Q •
48 
Ll • --,..,...ma __ _ 






The meander length of Colgate streams varies from about 1700 to 2300 m 
and averages about 2000 m, 
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Dralnage area (Ad) may be estimated frOIII the following equations: 
Adl(mi2)~ Qm{cfs) ' and (11) 
· Q(m3/s) 
Ad2(km2) • 0.0086 {12) 
{Q is mean annual discharge). Equation 11 is baaed on a relatlonshlp by 
Leopold and others (1964) stating that area of the drainage basln 
in humid regions is about equal to mean annual discharge. From 
2 
equation 11 drainage area ie estilllllted to be about 6900 mi or 18,000 
1cm2• Equation 12 is based on the relationship of Allen (1970) and 
2 
yields a value of 23,000 km, which generally agrees with the flrst 
2 value. The average is about 21,000 km, 
The channel length (L, in mi) of Colgate streams may be estimated 
. s 
from the following equation (Leopold and others, 1964): 
0.6 
L ~ 1.4 Ad • 
The length of Colgate streams ie estimated to be 500 km. 
The slope (Sc' ft/mi) of the channel may be estimated from the 
equation (Schumm, 1968): 
{13) 
(14) 
Mis la the sediment load paramter, and~ is mean annual discharge 
{cfe). The elope of Colgate channels is calculated as 0.30 m/km. 
Plate 4 shows paleocurrent trends measured in Colgate sandstone 
units. Relating each set of measurements to stratigraphic posltlon 
shows that streams depositing the flrst few intervals from sections Y2 
and SC3 flo.red northeast st an azimuth of 50°, Near section Y3, a 
paleocurrent trend of 120° is present for the third 6-m interval. Because 
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this trend is significantly different, it probably indicates a different 
meander belt, The overall range of measured paleocurrent values in the 
Colgate is 30° to 120°. These trends are consistent with belt trends in 
the overlying Hell Creek for similar areas. 
As is shown in the Hell Creek analysis, meander belt trends are often 
recurrent in a given area for several intervals, Different locales 
generally show different paleocurrent trends because different meander 
belts are probably present. Baste paleoflow parameters remain similar, 
Several major meander belts were established by streams flowing northeast, 
east, and southeast. Coalescence of these belts during each interval 
formed the thick, multilateral Colgate sandstone. Only traces of deposits 
formed in marginal environments remain, but they have interpretive 
importance. 
Sandy Siltstone 
Sandy siltstone units commonly contain a large percentage of sand. 
This large percentage of sand often makes it difficult to distinguish 
sandy siltstone from sandstone, wlth which it ls gradations!. Sandy 
siltstone is also gradationsl to shale. Study of texture and structure 
show that fine-grained deposits in the Colgate originated in different 
environments than did the sandstone units. 
Stratlgrsphy.--In the Colgate, the most distinct occurrences of 
sandy siltstone units are ln the uppermost interval of the member. The 
units form a transitional zone between Colgate sandstone and Little 
Beaver Creek shale. Similar occurrences may be noted in comparable 
parts of other 6-m intervals in the Colgate. 
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The thickness of sandy siltstone units varies from s few tenths of a 
meter to a few meters. They are usually interbedded with sandstone or 
shale. Where a majority of associated units consist of sandstone, the 
contacts between interbedded units are commonly distinct and erosional. 
Where moat of the associated units are shale, contacts are gradational. 
Sandy siltstone can be mapped for hundreds to thousands of meters 
depending on orientation (parallel, normal, or oblique) with respect to 
trend of adjacent meander belts, Due to extensive meandering of Colgate 
streams over the depositional plain, sandy siltstone and related shale 
and lignite units marginal to the stream were not often preserved, 
Thin, lenticular, sandy siltstone with limited lateral extent is present 
in channel cross-sections (plate 2, between sections YJ and Y4), In the 
overlying Hell Creek, more extensive sandy siltstone units parallel 
meander belts. 
Sandy siltstone is usually yellow gray, but may be light olive gray 
If sandy, yellowish orange if silty, or dlrty gray if ahaly. For 
mapping purposes, the yellowish orange unlta are best. 
Cemented zones occur but, as a rule, exposures are only moderately 
lithified and appear similar to sandstone units. Relative proportions 
of aand, silt, and clay detennine the degree of llthlfication, 
The greater the amount of silt and clay, the easier it is to excavate an 
outcrop for examination. Large amounts of sand appear to be bound by 
finer-grained sediment and are realatant to excavation. Few siltstone 
units consist entirely of silt (very easily excavated). 
--~ 
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Sedimentology.~Fine sand, very flne sand, silt, clay, and organic 
matter occurs in verying proportions in sandy siltstone. The various 
lithologies can be distinguished by the types of stratification. 
Texture determinations in the field and laboratory show sandy 
siltstone units consist of (1) sandy types wlth 50 to 70 percent sand, 
(2) silty types with 30 to 60 percent silt, and (3) clayey types with as 
much as 40 percent clay. Sand may form 40 to 60 percent of type (1). 
Generally, units wlth more than 70 percent sand are characteristic of a 
high-energy depositional site; sediment with less than 40 percent sand 
are characteristic of a low-energy site. Units with 40 to 70 percent 
sand form the transition beds frooi meander belt to floodbasin. 
Stratiflcation is commonly flat to irregular or wavy (compare 
figures 26 snd 30). Beds are generally thin and consist of laminations 
a few millimeters to several centimeters thick. Alternating laminations 
of various lithologies are common. The relative proportions of sand, 
silt, and clay are related to position of the deposit relative to the 
meander belt. 
Fine and very fine sand laminations form some of the thicker sandy 
siltstone units. Where the beds can be excavated, the laminations 
appear flat to draped and extend tens to hundreds of meters. Laterally, 
there is a decrease in overall grain size and gradation from a high sand 
content to a high silt and clay content. A similar trend is noted 
vertically where large amounts of laminated sand grade to laminated 
silt, clay, and organic matter. In this trend, the stratification 
changes from thinly laminated forms to flat, irregular, and draped 
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forms. Ripple and climbing rlpple stratlflcation are commonly present. 
Overall fine grain size and relatively poor sorting suggest a low-
energy deposit. Abrupt vertlcsl changes in texture and type of interns! 
structure indicates fluctuating current strength. Thln beds of thls 
sort indicate an upward decrease in current strength with each event 
(flood). 
Evidence for flood transport includes the presence of debris such 
as crudely divided plant parts and very flnely divided organic (lignitized) 
matter. Rootlets, plant stems, and leaves are abundant. Periodic burial· 
of rooted plants in growth position is indicated. The length of rootlets 
seldom exceed a few centimeters; rootlet zones may be as thick as a 
meter. 
Sandy siltstone is overlain by floodbasln shale. The contact is 
gradational from silt to clay. 
The foregoing characteristics on texture, structures, stratigraphic 
position, and fossils in sandy siltstone are similar to those of natural 
levee deposits (Coleman and Gagliano, 1965; Russell, 1967; Allen, 1970; 
Bernard and others, 1970; Kolb and Van Lopik, 1972; LeBlanc, 1972; 
Jacob, 1973a; and Moore, 1976). Therefore, sandy siltstone units are 
probably mostly natural levee sediment, but also include upper point bar 
and upper floodbasin sediment. Crevasse splay deposits are probably 
present, but were not identified. 
The thickness of sandy siltstone sequences indicate natural levees 
in the Colgate were about 2 m thick. This agrees with the wide, shallow 
channel (ratio of width to depth is greater than 20 to 1). Although 
62 
sandy shale deposits occur laterally adjacent to these units, the 
Colgate levees apparently trapped most of the coarse load before it 
reached the floodbasin. 
Shale and Lignite 
Shale and lignite units are distributed throughout the multistory 
sandstone complex. They are generally thin and lenticular, The gradation 
from sandstone to sandy siltstone and from siltstone to shale is common 
and suggests a related origin, Shale and lignite are often interbedded 
and grsdational with one another. 
Stratigraphy.~Shale units within the Colgate are generally a few 
tenths of a meter thick and are limited areally. Thin units are inter-
bedded with sandstone and sandy siltstone snd form partings of very 
large-scale cross strata. Shale also occurs in the Colgate sandstone at 
certain stratigraphic breaks that appear related to breaks between 6-m 
upward-fining sandstone units (figure 9). An additional type of shale 
unit occurs in what appears to be an abandoned stream channel. The 
width of this feature is about 120 m and thickness is as much as 6 m. 
Shale units are light olive gray to olive gray depending on the 
amount of bentonite and organic matter. ~entonitic shale is olive gray. 
Sandy, silty shale tends to be a lighter shade of olive gray, Carbona-
ceous and lignitic shale is pale brown to black. 
Concretionaty layers s few centimeters thick and laterally discon-
tinuous are present. They consist of shale cemented by limonite and 
siderite, They weather in relief and are orangish to purplish. Aside 
from these layers, shale units usually appear massive. Excavation by 
-------- ·····--
pick is difficult compared to sandstone and siltatone, Small, blocky 
fragments result. 
Shale units are gradational with underlying (and adjacent) sandy 
siltstone units. They grade up to lignitic and carbonaceous shale and 
lignite. Lower contacts are transitional from coarse-textured units; 
the upper contacts are transitional to organic-bearing units. In the 
absence of lignitic shale or lignite, the upper contact may be sharply 
overlain by sandstone or sandy siltstone. 
Fossil plants are common in silty shale, but they are rare in 
bentonitic shale. Lignite in the Colgate ia closely related to the 
shale, In general, lignite is only a few tenths of a meter to a meter 
thick. Some well-'developed lignite occurs as thin beds at breaks between 
6-m sandstone units. This lignite may be traced laterally by including 
associated lignitic or carbonaceous shale. F.xamples of lignite at these 
breaks are present near sections YS, Y7, and YS (figure 6 and plate 2). 
Lignite units are psle brown to black. Pale brown lignite tends to 
he poorly developed, ~ilty, shaly, and woody. Black, vitreous lignite 
is generally free of detritus. Weathered lignite is highly fractured 
and crumbly. 
Sedimentology.--A common pattern observed in vertical section is an 
upward gradation from aandy, silty shale to silty shale, hentonitic 
shale, carbonaceous shale, and lignitic shale. Most shale is slightly 
silty, hentonitic, and organic-hearing, but the characteristics of one 
type often obscure the other and make detection difficult. Near section 
Y3 (plate 2) sandy siltstone grades to silty, sandy shale and gradually 
to silt-free shale. Within thls transition, there may be a sufficient 
increase ln organic matter to form carbonaceous or lignitic shale. 
Field examination usually fails to reveal stratification. Ssmples 
studied under magnification (10 power), however, possess laminations 
that are most difficult to identify in bentonitic shale, Normally, 
differences in texture allow laminae to be differentiated. 
Laminae, especially those with large amounts of organic matter, may 
contain lignitized rootlets, The rootlets are a few millimeters wide 
and a centimeter long. Other plant fossils, including leaves and stems, 
are common along bedding planes of shale interbedded with silt. 
Differential compaction, as inferred from slickensides, is common 
in bentonitic and lignitic shale. Laminated shale does not usually 
possess slickensides. 
Shale units in abandoned stream channels are present near sections 
Y3 and SC4 (plate 2). In this type of shale, the amount of fine elastics 
is greatest near the upper part of the deposit. The lower part of the 
deposit often contains stratified sandstone, sandy siltstone, and shale. 
Where silt-free shale is present, lignitic shale often overlies it. The 
base of the shale in the lower part of the channel fill is roughly 
concave-upward. It was created during channel abandonment and gradually 
filled with flood sediment. The upper part becomes progressively 
flatter-lying and is more organic. This indicates channel abandonment 
was gradual. Later, the site merged with the floodbasin. 
Lignite units in the Colgate are uncommon and thin. They occur 
with underlying shale that shows a gradual upward increase in organic 
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matter over a few centimeters to a few tenths of a meter. Brown, 
woody, fibrous lignite is common at minor sedimentologic breaks within 
6-m intervals. The lignite between sections Y7 and YB (plate 2) is 
more areally extensive, black, snd vitreous. This type of lignite 
occurs at breaks between 6-m intervals. 
Characteristics similar to those discussed above sre present in 
ancient and modern floodbaain deposits (Coleman and Gagliano, 1965; 
Russell, 1967; Allen, 1970; Bernard and others, 1970; Kolb and Van 
Lopik, 1972; LeBlanc, 1972; and Jacob, 1973a). Based on those strati-
graphic and sedimentologic characteristics, Colgate shale and lignite 
units are interpreted as floodbasin deposits. An overbank origin is 
almost certain for shale interbedded with, and gradational with fine 
to very fine sand of upper point bar and natural levee origin. The 
shale units become finer away from these coarse deposits, This occurs 
near the top of the Colgate near section Y8 (plate 2). Organic material 
dispersed in the shale indicates finely to crudely divided vegetation 
was commonly carried over the bank as part of the suspended load. 
Much organic matter was probably derived in place, too. Interlaminated 
silt and organic matter reflect fluctuation in the type of load and 
current strength, probably due to successive flood waves during periodic 
flooding. 
The floodbas!n deposits are represented by several subenvironments 
including lake, swamp, and marsh. Long-term standing water in an area 
adjacent to the meander belt is indicated by the dark gray, reduced 
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shale and assoclated lignite. {Desslcation features are generally 
absent). An upward-fining texture and increase in sorting indicates a 
trend toward low energy conditions. Thls may occur as the channel 
shifts in the meander belt and gradually abandons the area altogether. 
In several locations, the stability of the floodbasln increased and 
swamp and marsh lignite formed. 
Because laminated lacustrine {bentonitic) shale grades upward into 
lignitic shale and lignite, selected areas of the floodbasin apparently 
became isolated from the effects of floods. A balance between water 
depth, vegetative growth and decay, and subsidence was established. 
However, the organic deposits are thin and generally overlain by sand-
stone. This indlcates that the swamps and marshes were relatively 
short-lived, ,probably due to a tendency of the streams to invade low-lying 
areas and establish new stream courses. 
The size of Colgate floodbasins and their position relative to 
meander belts must be indirectly estimated because repeated meandering 
caused most fine elastics to be eroded. Occasionally, a Colgate channel 
shows evidence of partial channel abandonment {sections YJ and SCJ; 
plate 2) end the channel end channel-margin deposits are preserved. 
Psleoenvironment maps for the Hell Creek indicate that streams repeatedly 
occupied and abandoned their meander belts. This appears equally true of 
Colga·te streams, 
6'{ 
Hell Creek Formatlon 
The Hell Creek Formation at Glendive is approximately 120 111 thlck 
and conslsts of flve members. The members and their average thicknesses 
are (bottom to top): Little Beaver Creek, 12 m; Marmarth, 24 m; Bacon 
Creek, 36 m; Huff, 42 m; and Pretty Butte, 6 m, Figures 6, 12, 13, and 
14 show typical exposures of these members. 
These five members occur in the Little Missouri River valley in 
southwestern North Dakota (Frye, 1967, 1969), Frye recognized the upper 
three members in the Glendive area and presented them on a fence diagram 
of the Hell Creek from eastern Montana to central North Dakota. He also 
recognized a thick sandstone below the Bacon Creek Member that he 
informally named the Lower Sandstone Beds. He suggested that these beds 
correlated with the Little Beaver Creek and Marmarth Members at Marmarth, 
Frye (1969) stated that the Hell Creek is 73 m thick in Makoshlka 
State Park near Glendive, The exposures used to obtain this thickness 
occur along the Cains Coulee cross section (E-E') (plate 3). The thick-
ness of the upper three members is about 84 m. To determine where Frye 
placed the base of the Hell Creek, a distance of 73 m below the Hell 
Creek-Ludlow contact near CC4 was measured and found to occur near the 
base of measured sections CC4 and CC5, The contact presumably was 
placed within a few meters of a persistent, conspicuous lignlte in the 
Bacon Creek Member about 11 m above its base. 
A comparison of Calns Coulee (E-E'), Dawson Coulee (D-D'), and 
Yellowstone (B-B') cross sections (plates 2 and 3) clearly show that 
Frye dld not recognize the Marmarth and Little Beaver Creek Members. 
Fi~ure 12. Exposures of Hell Creek (Marmart h, Bacon Creek , Huff , 
and Pretty Butte Members) a nd Ludlow Formations l ooking 
from section DCl toward CC 2 , plates 2 and 3 (T. 15 N., 
R. 55 E., sec . 2 , SE~ to sec . 1, NE~) . Note Cretaceous-
Tertiary , Bacon Creek-Huf f , and Marma rth-Bacon Creek 
contacts . Compare Marma rth t o Colgate on figure 6 . 
Figure 13 . Deta i led view of Hell Creek (Marmar th, Bacon Creek, 
Huff, and Pre tty Butte Memb e r s ) and Ludlow Formations 
near section DC2, plat e 2 (T. 15 N., R . 55 E., sec . 1, 
SW~). Not e r e petitiv e s hale , lignite, and sandy 
siltstone units in Bacon Cree k (1), rep e titive 
sandstone units in Huff (2), and very- large-scale se t s 
of cross stra t a ( 3) . 
Fi gure 14. De tailed v iew of Hel l Cree k (Ma rmarth, Bacon Cr ee k , 
Huff, a nd Pre t ty Bu tt e Member s) a nd Lud l ow Fo r ma t i ons 
near s ect i on DCS, plat e 2 (T . 15 N., R. 55 E. , sec . 
12, SE~) . No t e c li ffs in Ma rmar th ( 1), t hin s ha l e and 
lignite unit s i n Huff ( 2) , r epet itive l a yering i n 
Lud l ow ( J ) , l ight co l or ed s a nds t one a nd s i l t s t one in 
Ludlow (4 ) , and Cre t a ceo us -Ter tia r y c ont il c t . 
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This may have been due to the similarity of sandstone at the base of 
Cains Coulee cross section to the Colgate along the Yellowstone (B-B') 
cross section. Both are somewhat whitish appearing. If this upper 
sandstone were mistaken for the Colgate, it would explain the absence of 
the lower two members, However, Frye did recognize the Lower Sandstone 
Bede, presumably farther west along the Yellowstone cross section, as 
probably equivalent to the Marmarth. However, he did not present this 
relationship on his fence diagrams. 
Adding the thickness of the missing lower section, including the 
Lower Sandstone Beds (shout 36 m), brings the thickness of the Hell 
creek to 120 m. This is more consistent with Frye's (1969) thickness of 
128 m st East Hell Creek, Garfield County, Montana and 137 min Slope 
County, North Dakota. Brown (1952) gave the measured thickness of the 
Hell Creek st Glendive as 117 m. 
Figure 4 includes the section st Glendive as determined in this 
report. A bentonite bed that appears near the base of the Bacon Creek 
on Frye's (1967) fence diagram is present at Glendive and occurs near 
the base of the Bacon Creek on the Dawson Coulee (D-D') and Yellowstone 
(B-B') cross sections (plate 2). Intermittent bentonite beds present st 
Marmarth in the Marmarth and Little Beaver Creek Members probably do not 
extend to the Glendive area and, therefore, are not useful for regional 
correlation. The Lower Sand Bede present at Hell Creek State Park are 
probably equivalent to the Marmarth and Little Beaver Creek Members at 
Glendive. Near section YlO (plate 2) a thick section of Marmarth sand-
stone is almost in contact with the Colgate. This leaves a negligible 
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section of Little Beaver Creek and makes the overall section appear 
similar to that at Hell Creek State Park where the Little Beaver Creek 
is also thin or absent. 
The five members of the Hell Creek preaent along the Little Missouri 
River are also present at Glendive and part way to the valley of Hell 
Creek. This provides a firm basis for dividing the Hell Creek into 
members that reflect widespread persistence of depositional environments. 
Little Beaver Creek Member 
The Little Beaver Creek Member is basically a shaly member at the 
base of the Hell Creek, It occurs between two sandy members, the Colgate 
below and Marmarth above (figures 6 and 7). The type section is in 
Bowman County a few miles southwest of Marmarth, North Dakots along 
Little Beaver Creek. At Marmarth, it is 32 m thick and consists of 
about two-thirds to one-half bentonitic to lignitlc shale and one-third 
to one-half lignitic sandstone. There, the lower contact with the Colgate 
Member is conformable to unconformable with local relief up to a few 
meters. The top of the member is lignitic shale and bentonitic shale 
that underlies Marmarth sandstone. 
Frye dld not extend this member to the Glendive area. He concluded 
that it was not deposited probably because of a rialng Cedar Creek 
Anticline. As stated earlier, the Little Beaver Creek is present in the 
Glendive area,. but was not recognized by Frye in his reconnaissance. 
In the Glendive area the Little Beaver Creek is 6 m to 12 m thick, 
It consists of light olive gray to yellowish gray sandstone and shale. 
The lower contact with the Colgate (plate 2) is generally conformable. 
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Bentonitic shale overlies Colgate sandstone. However, local dlsconform-
ity is present near sectlons Y3 (plate 2 and flgure 7) and YlO (plate 
2). Near sectlon Y3, sandstone appears inset a few meters into channel 
deposits of the Colgate. Near sect1on YlO, the Marmarth rests directly 
on the Colgate. 
The upper contact of the Colgate grades from clay-rich sandstone to 
bentonitic shale, except along Sand Creek (cross section A-A') where 
interfingering of sandstone and shale occurs. Here, the Little Beaver 
Creek is leas than 6 m thlck. Possibly Colgate streams remained longer 
in this area than along the Yellowstone (B-B') cross section where up to 
12 m of Little Beaver Creek sediment (mostly shale and some sandstone) 
was deposited. ·The upper contact ia placed at the top of a thick 
bentonitic to lign1tic shale that is sharply overlain by Marmarth 
sandstone. 
Sandstone, sandy siltstone, shale, and lignite are present in the 
Little Beaver Creek. Sandstone units are a few meters to 6 m thick, 
light olive gray, cross-stratified, and upward-fining. Sandy siltstone 
is up to a few meters thick, yellow gray, and gradational with sandstone. 
Shale is up to 10 m thick (generally less than 6 m thick), olive gray, 
laminated, and gradations! with sandy siltstone. Silty, bentonitic, and 
lignitic shale is common. Very thin lignite is present near sections Y5 
and Y6 (plate 2). 
Frye (1969) collected numerous plant fragments and a sequo1a cone 
from the member near Marmarth, He concluded that the thin, croas-
atratified sandstone was deposited in river channels and that shale near 
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the base was nonmarine to marine. He noted it interflngered with marlne, 
Ophiomorpha-bearing sandstone of the Colgate. 
Sandstone 
Stratigraphy.--Of the 10 km of Little Beaver Creek exposures in the 
study area, sandstone units may form as much as one-half (5 mat Y8) or 
as little as zero (SC4, plate 2). The vertical and horizontal limits of 
sandstone may be observed and thus show geometric and sedimentologic 
changes that were more difficult to observe in the Colgate. 
Thickness is about 1.6 m to 5 m. Thin units are moderately to 
highly lithified and, therefore, structures are not readily discernible. 
However, a 5-111 unit near section Y8 displayed details of structure and 
texture. 
Sandstone is commonly light gray, light olive gray, or yellowish gray 
(silty parts). These shades are similar to Colgate units with perhaps a 
slight trend toward darker grays and browns that are typlcal of other 
Hell Creek sandstone. This is particularly noticeable in rain-soaked 
exposures where light gray Colgate sandstone contrasts with somber gray 
Hell Creek units. 
Concretions, flutes, and other weathering features that are common 
in Colgate sandstone are generally less abundant in Little Beaver Creek 
sandstone. Thick sandstone is moderately consolidated and may be 
excavated for study, but thin units are hard and resilient. An increased 
clay content in thin, fine sandstone binds the deposit. 
Sandstone generally overlies shale (lignitic), The contact is flat 
and eroslonal. Sandstone grades upwdrd to sandy siltstone and shale, 
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with whlch it may be interbedded or interlaminated. Between sectlons Y7 
and YB (plate 2) sandstone grades laterally to sandy siltstone and 
shale. Near aectlon Y3 (plate 2) Little Beaver Creek sandstone appears 
channeled into the Colgate (figure 7). 
Sedimentology.~Fine to medium sandstone is crnmnon near the lower 
and middle parts of thick sandstone units. Very fine, silty, clayey 
sandstone is common in the upper part and in moat thin (2 m) units. Fine 
to medium sandstone has a median grain size (050) of 1.70 to 2.60 and 6 
to 11 percent silt and clay. Fine to very fine sandstone has a J
50 
of 
2.80 to 3.30 and as 111Uch as 20 percent or more silt and clay. 
A sandstone unit near section YB (plate 2) is about 5 m thick and 
becomes finer upward, especially within the last meter. The size of 
sedimentary structures decreases upward. These characteristics are 
similar to those on flgure 15, which was prepared partly from the data 
of section YB. 
Primary sedimentary structures in sandstone include (1) flat 
stratification (upper phase) and large-scale cross strata in fine to 
medium sand of the lower and middle part of the 6-m interval, (2) flat 
stratification (lower phase) and small-scale cross strata in fine to 
very flne sand in the upper parts of the interval, and (3) very-large 
scale cross strata near sections Y3 and Y4 (figure 7) and sections Y5 
and YB (plate 2). 
The sandstone near section YB was sampled in detail for vertical 
texture varlations. The results (figure 15) indicate a somewhat irregular 
upward decrease in grain size and increase in percentage of silt and clay, 
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Figure 15. Interpretive diagram showing texture and structures of Little Beaver Creek sandstone 




mostly in the uppermost meter. Median grain size snd percentage of silt 
and clay are sbnilar to patterns observed for point bar deposits in the 
Colgate and Hell Creek. 
Toward section Y7 (plate 2) this sandstone shows a decrease in the 
size of sand and increase in percentage of silt and clay. tn places it 
loses its identity due to interbedding with siltstone and shale. At 
section Y7, the sandstone is thin and interbedded with sandy siltstone. 
It consists of mostly fine sandstone with about 12 percent silt and 
clay. The upper part consists of poorly consolidated, interlaminated 
esnd, silt, and clay. 
Near sections Y7 and Y5 (plate 2), the sandstone and sandy siltstone 
section is 4 to 5 m thick. It has very-large-scale cross strata similar 
to those in the Colgate that were highlighted by partings. 
Between sections Y5 and Y6 (plate 2), sandstone and shale fill a 
concave-upward profile cut into underlying sandstone and siltstone 
units. The profile may be part of an abandoned channel whose present 
exposure is partly oblique to the actual channel cross section. After 
correcting for obliqueness, estimates of depth and width taken from this 
channel proflle become similar to Colgate channels. 
The similarities in grain size, sedimentary structures, and geometry 
With Colgate sandstone, suggest Little Beaver Creek sandstone units are 
also point bar deposits. Sandy siltstone, shale, and lignite unite 
overlying and· adjacent to Little Beaver Creek sandstone are gradational 
and interbedded. 
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The width of the sandstone between sectlons Y7 and Y8 (plate 2) is 
estlmated to be 850 m. The wldth of sandstone between sections Y5 and 
Y6 is estlmated to be 920 m. These wldths are interpreted to be the 
width of the meander belt at those respective locations. Plates 2 and 4 
show that the trend of the flrat meander belt is about N 50° E. This is 
similar to paleocurrent trends for Colaate and lowermost Marmarth stream 
deposits in that locality. 
Sandy Siltstone 
Stratigrnphy.--Sandy siltstone is less than a meter to 2 m thick, 
with 2 m the 1110re common. Thickness decreases away from meander belt 
sandstone. 
The units are generally yellow gray with shades of orange and brown 
also present. The colors are typical of an oxidizing environment. 
Concretionary layers a few centillleters thick and several meters 
long occur in sandy layers. They also occur in shale layers interbedded 
with sandy siltstone. 
Sedimentology.~The relative amounts of sand, silt, and clay may 
vary considerably. As a whole, the units are poorly sorted and consist 
of flat to irregular laminations. Textures and structures change 
abruptly within a small vertical distance. The deposit often acquires a 
dumped, draped look. 
Crudely divided plant debris is present on bedding planes. Fossil 
leaves are also common on bedding planes. Fossil rootlets occur 
throughout much of the unit. 
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Sandy siltstone that overlies sandstone has a gradatlonal contact 
(compare to figures 17 and 25). Sandy siltstone that overlies shale or 
lignitic shale has a sharp contact (compare to figure 26). 
Sandy siltstone units are interpreted as natural levee deposits. 
Based on thickness of the unit, levee height is estimated to have been 
about 2 m. 
Shale and Lignite 
Stratigraphy.~Shale units foxm a considerable part of the Little 
Beaver Creek, especially the lower and upper few meters, The amount of 
shale in this member distinguishes it from sandstone members enclosing 
it. 
As a rule, thickness of shale units does not exceed 6 m. Most 
shale is 3 to 5 m thick, but may be subdivided into parts that are 
sandy, silty, bentonitic, or lignitic, Most shale unite have a signifi-
cant lateral extent of several kilometers, although particular types of 
shale are less widespread. 
Most shale is light olive gray to olive gray. The range of color 
includes yellow gray, light to dark yellow br01111, light brown gray, 
brown gray, light olive gray, olive gray, olive black, and light green 
gray. As the amount of sllt and sand increase, the shale is lighter 
shades of yellow and gray. As the amount of organic matter increases, 
colors are darker shades of brown and black. 
As in the Colgate, the shale may develop a popcorn surface upon 
weathering of bentonitic clay. Beneath the weathering crust, the shale 
is usually very dense and hard, making digging difficult. Silty, sandy 
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shale weathers to a crumbly surface. Manganosiderite concretionary 
layers up to 2 cm thick may dlsrupt the massive appearance. These layers 
are rusty to purplish and have a hlgh relief. At sections Y5 and SCI 
(plate 2), ailicified fragments of wood are scattered over the surface 
of the shale but appear to have originated in the overlying lignitic 
shale. 
Associated units include sandstone, sandy siltstone, and lignite. 
In general, the shale unit directly overlying the Colgate grades upward 
from sandy siltstone (Colgate) to silty, sandy shale. Near sections Y2 
and Y3 (plate 2), sandy siltstone grades laterally to silty, sandy 
shale. Areas adjacent to sandstone deposits may also grade to thick, 
allty, sandy ahaie (section Y2). 
Bentonitic shale is moat abundant in the middle part of the shale 
unit where silt, sand, or organic matter are generally not abundant. 
Upper parts of shale are relatively silt- and sand-free and grade to 
lignitic shale. Lignite is present locally. 
A bentonitic shale directly underlying Marmarth sandstone is fairly 
widespread, although thickness varies. Locally, it grades to lignitic 
shale or lignite. 
Between aectlons Y6 and Y5 (plate 2}, shale fills what appears to 
be an abandoned channel. It grades upward from silty, sandy, interbedded 
shale to lignltic shale. 
Sedimentology,~Data indicate a typical vertical change in shale 
units is from siltstone with about 40 percent clay to shale with about 
40 percent silt. 
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Typical stratification conaiata of laminae of allt and clay as much 
as a few millimeters thick. Near the lower contact, sandstone occurs in 
layers that are flatly to ripple stratified, Bentonitic shale, in 
particular, displays no internal stratification, However, one sample 
consisting of blocky shale fragments appeared to have minute steps 
formed by laminae about 0.2 tnlll thick, Bentonitic and organic shale is 
commonly slickensided. 
Near the base of shale overlying sandy siltstone, fossil rootlets 
(2 mm in diameter and l cm long) and laminated plant debris are abundant. 
Dispersed organic material in overlying shale increases to where llgnitic 
shale occurs. 
Lignite is rarely developed in the member, although lignitic shale 
la common. It is assumed that areas adjacent to meander belts (plate 2) 
were frequently flooded and the lignite environment was destroyed. 
Shale and lignite are interpreted to be floodbasin deposits that 
occur adjacent to fixed meander belts. Lithology, associated units, and 
nonmarine plant fossils suggest lacustrine, swamp, and marsh environments. 
In addition, thick, widespread, laminated, dark gray bentonitic shale 
suggests a lacustrine environment, 
The lakes were relatively small and shallow, as suggested by the 
size of areas between meander belts and the low frequency of organic 
accumulation. The area was generally under water and poorly drained 
because dark gray shale is widespread and there is a lack of evidence 
for small drainage channels in the floodbasln, Floods carried coarse 
elastics, organic debris, and suspended clay into the floodbaain where 
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they accumulated thin, persistent layers. Bentonit1c shale probably 
accumulated ass colloidal ooze. A few areas of organic accumulation 
are indicated by the presence of thin lignitic shale and lignite. 
Deposition in Late Little Beaver Creek floodbasins wss terminated 
by introduction of streams and meander belts of Marmarth time, The 
channel of one such stream occurs near section Y7 (plate 2) and is inset 
into Little Beaver Creek shale. 
Mannsrth Member 
The Marmarth Member is a thick, friable sandstone between two shaly 
members, the Little Beaver Creek below and the Bacon Creek Member above 
(figures 6 and 7). 
It is present throughout the study area with best exposures present 
along Yellowstone (B-B') and Sand Creek (A-A') cross sections (plate 2) 
where it is 24 to 30 m thick. A common thickness is about 24 m. 
The type section is west of Marmarth, Slope County, North Dakota. 
About four-fifths of the 26 m of Marmarth there consists of cross 
stratified, concretionary sandstone and one-fifth consists of bentonitic 
and llgnltic shale. It is underlain by lignitic shale of the Little 
Beaver Creek and overlain by bentonitic shale of the Bacon Creek Member. 
Frye (1969) noted the common occurrence of terrestrial plant 
fossils but only a few vertebrates.· He interpreted the Marmarth to be a 
river deposit consisting of two thlck channel sandstone beds (7 m and 14 
m) separated by about 5 m of bentonitic and lignitic shale. 
Frye did not extend this member of the Glendive area on his fence 
diagram, but did diseuss the Lower Sandstone Beds. He suggested these 
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beds were probably equlvalent to the Marmarth. However, he (1969, p. 
22) conflictingly suggested the Marmarth was not deposited at all in the 
Glendive area due to a rlsing Cedar Creek Anticline. It was shown 
earlier that the Marmarth is present and appears similar to that at the 
type section. 
In the Glendive area, the Marmarth consists of sandstone and thin 
sandy siltstone, shale and lignlte (plate 2), Most of the flne-gralned 
units occur near the top of the member. The lower contact is generally 
flat, sharp, and erosional except near sections Y7 and Y!O vhere it is 
concave-upward and fllled with sandstone. The upper contact is generally 
gradational with Bacon Creek shale and sandstone (between sections Y7 
and Y6, plate 2). Near sections Y8 and YlO, sandstone is overlain by 
thick sandy siltstone. Along the Sand Creek (A-A') cross section (plate 
2) the Marmarth forms a thlck sandstone section contiguous with the 
overlying Bacon Creek. 
There may be some question on placement of the Marmarth and Bacon 
Creek contact. For example, in thick sandstone sections, the contact 
generally occurs 24 m above the base of the Marmarth, and generally 
consists of shale overlying sandstone. Where the contact is less 
distinct (sections Y5 and Y8, plate 2) placement is l!IOre subjective, 
but, generally, the top of the Marmarth is picked to coincide with beds 
at the top of the last (complete) 6-m interval. The lithology of that 
interval varies from sandstone to shale. 
The Marmarth Member is also present in the type area of the Hell 
Creek Creek Formatlon in Garfield County, Montana. Frye (1969) gave a 
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measured thickness of 15 m for his Lower Sand Units, Log study indicates 
the Marmarth is generally about 24 m thick. (His fence diagr11111 shows 
the lower sandstone beds to be 39 m thick, but this probably includes 
parts of Colgate sandstone,) The Lower Sand Units overlie the Colgate 
snd consist of orange brown to grsy, cross-stratified sandstone with 
bentonitic·shale part~ngs and calcareous sandstone lenses. 
For the Fort Peck area, Montana (Garfield, McCone, and Valley 
Counties) Jensen and Varnes (1964) described basal beds that consisted of 
grayish orange to brown, medium-grained, crose-stratif!ed, upward-fining 
sandstone with calcareous, log-like and lens-like concretions. Poorly 
sorted conglomerate was noted in lenses at the base of channels that 
were eroded into Fox Hills Sandstone, Minor constituents included 
lithified dinosaur bones, fossil wood, and well rounded quartzite pebbles. 
The lower contact was sharp, channeled (up to 3 m of relief), and filled 
with medium-grained, yellowish brown sandstone similar in composition 
to overlying sandstone. It was concluded this contact represented an 
erosional unconformity marking substantial differences in sedimentary 
and ecological changes across the contact. The magnitude of the uncon-
formity was not generally agreed upon. Some writers believed in local 
scour and others contended it was a Laramide-related disconformity. 
Sandstone 
Stratigraphy.~The Marmarth is divided into four 6-m intervals of 
mostly sandstone showing an upward decrease in grain size and size 
of primary sedimentary structures. Individual units are 5 to 6 m thick 
(figures 16 and 17). Sandstone at the base of the member sharply and 
Figure 16. Re p e titive sand stone units in the Marmarth Member a t 
sec tion Y6 (plat e 2) showing a variety of con c retions . 
Note tabular concretions (1), e longa t e concretions 
( 2) , and compon en t 6- m sand s ton e unit s (3). 
fig ur e 17 . Upward-fining sand ston e un it at top of Marma rth Member 
at sec tion DC2 (plat e 2 ). Not e 6-m cyc l e A ( fig ur e 27) 
seq uence of sand stone , sandy siltstone , and shale . 
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unconfonnably overlies Little Beaver Creek shale. Sandstone at the top 
of the member grades to siltstone and shale of the Bacon Creek, The 
contacts between individual units are generally flat and erosional. 
Except near sections Yl, YB, and Y9 (plate 2), the lateral limits of 
sandstone units are generally not observable. llhere observed, they 
grade to sandy siltstone and, with increasing distance, to shale. 
Color is grayish orange (10YR7/4), dark yellowish orange, (10YR6/6) 
and yellow brown. This often gives the sandstone a distinct, rusty look 
compared to the Colgate. Dark-colored rock fragments of volcanic and 
sedimentary origin are probably responsible for this. The yellow-brown 
color le reasonably uniform throughout an exposure. In the uppermost 
part of the member, the sandstone is slightly grayer due to the presence 
of clay. 
Weathering-related features in the MaTI1111rth include rills, flutes, 
large inverted Vs, and concretionary masses of several sizes (figures 6, 
16, 17, and 21). Rills, flutes, and large inverted Vs in the Colgate 
represented different scales of the same weathering process. Their 
occurrence in the Mannarth suggests the presence of similar factors of 
runoff, steep exposures, friable sandstone, swelling clay, and possibly 
soluble silica. 
Most rills and flutes occur in clayey, very-fine-grained sandstone. 
Fluting appears to continue downward until large inverted Vs form, up to 
10 m high ands meter or more wide at the base. Caves develop at the 
base and are connected by near-surface seepage channela to overlying 
sandstone where runoff infiltrates. The channels are probably enlarged 
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by solution of siliceous components in the sandstone and by expansion 
and contraction of bentonitlc clay. Outcrops weakened by this process 
are subject to failure and become vertical. 
Most of the concretionary masses owe their size, shape, and internal 
features to cross strata. Calcium carbonate, limonite, and siderite are 
coinmon cementing agents. 
The most common type of concretionary mass is large-scale (up to a 
meter thick) and is irregular to somewheat linear. Discontinuous linear 
masses are tens to hundreds of meters long (figure 6), The fabric and 
shspe resembles that of large-scale sets of cross strata. Texture data 
for the typical 6-m sandstone unit indicate the coarsest and best sorted 
sandstone occurs in these cross strata near the base of the unit. This 
is also where most lsrge-scsle concretions occur. Individual 6-m sand-
stone units may be identified in the field using zones of these concre-
tions. 
Thin, irregular, concretionary ma9ses occur in small-scale cross 
strata !n the upper parts of individual 6-m sandstone. The shspe and 
fabric indicate sn origin similar to large-scale forms. The concretions 
are generally only a few tenths of a meter thick and seldom more than a 
few meters in length. 
Elongate or log-like concretions are also present. They are 
relst!vely abundant in the Marmarth (such as near section Y6, plate 2) 
and are distributed throughout it (figure 16). They are dark and 
orangish colored, up to l m thick, 1 m wide, and 10 m. long. The 
shape is determined by the enclosed, cemented, large-scale cross strata. 
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These cross strata were probably zones of high permeability developed 
frOII! dunes of well sorted, fine to medium sand carried by a unidirectional 
current. The cementation was likely aided by groundwater solutions, 
The long axes of the elongate concretions parallel the trend of the 
sandstone unit, Only small scatter occurs about the mean of the paleo-
current direction. This suggests potential use as a psleoflow indicator 
for sandstone. Other writers (Cherven, 1973; Jacob, 1973; Johnson, 
1973; Moore, 1976) also indicated some success in this application. 
Dark yellowish orange, spherical concretions also occur in the 
Marmarth. They are generally 0.6 cm to 0.5 min diameter. Larger sizes 
occur as single concretions and smaller sizes occur as aggregates and 
pea-sized spherules. The large concretions occur in fine to medium 
sandstone, usually in linear zones near the base of the sandstone units, 
The spherules are 1110re evenly distributed throughout the unit. 
When broken, a few small concretions show a core of shale surrounded 
by a shell of sandstone cemented by clay. This suggests they possibly 
originated as clay balls rolled by the current along the base of s channel 
and sand accumulated around a soft center of clay. The source of clay was 
probably frOII! clay drapes {partings) formed on the surface of the point 
bar during waning flood. (In later sections, the enclosing sandstone 
is interpreted to be point bar sediment.) The large, spherical concre-




Sedlmentology.--Most sandstone in the Marmarth ls flne to medium 
grained. Large sizes are common in the lower half of 6-m intervals and 
fine sizea in the upper half. The amount of silt and clay in sandstone 
averages about 7 percent in the lower part and increases upward, often 
irregularly, ~o 19 percent or more in the upper part (figures 18 and 19). 
As shown in figures 18 and 19, the most common sedimentary 
structures are (1) flat stratification, (2) large-scale cross strata, 
(3) small-scale cross strata, and (4) very-large-scale cross strata. 
Cross strata form about 90 percent of the structures and large-scale 
types are the largest group (90 percent). Minor types of stratiflcation 
include lower-phase flat stratification, ripple and climbing ripple 
stratification, and irregular to wavy stratification. These types occur 
with small-scale cross strata. 
(1) Flat stratification (upper-phase plane bed). Flat stratifi-
cation occurs at the base of the flrst 6-m interval of sandstone, and 
sporadically st end above the base of other intervals. The sandstone is 
fine to medium grained with a median size of 2,. It ls well sorted and 
has less than 5 percent slit and clay. 
Stratification consists of nearly flat-lying laminae of sand as 
much as 5 mm thick thst extend for a few meters. Upper and lower contacts 
are eroslonal. Total thickness of these strata is a meter or less. 
Spherical concretlons (clay balls) and thln layers of mud pebble 
conglomerate are often present. Associated structures generally consist 
of large-scale cross strata. 
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Figure 18. Cross section of Hannarth Member (plate 2) showing texture and structures. 
Legend is given on plate 2. 
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Figure 19. Interpretive diagram showing texture and structures of Hannarth sandstone un1ts based 




Pti mary current lineations occur near section Y7 (plate 2). They 
are parallel to paleocurrent trends of the large-scale cross strata. 
These trends are parallel to those of elongate concretions and lateral 
limits of sandstone (as mapped). 
Large grain sizes, good sorting, low amount of silt and clay, clay 
balls, mud pebble conglomerate, associated large-scale cross strata of 
point bar origin, stratigraphic position, and paleocurrent indicators 
suggest these flat strata are channel and channel lag deposits. They 
were probably deposited on the lower to middle part of point bars. 
(2) Large-scale cross strata. These strata dominate the typical 
sandstone unit and are common in all parts of the unit except the upper 
meter or so. Set size, like grain size, decreases upward in the unit, 
generally in abrupt fashion in the upper half to one-third of the unit. 
The strata consist of fine- to medium-grained sandstone with S to 10 
percent silt and clay (figure 18). 
The basic differences between large-scale cross strata in the 
Marmarth and those in the Colgate are (1) a greater amount of curvature 
of bounding surfaces in cross strata in the Marmarth, and (2) increased 
number of cross strata with low foreset dips. 
Typical cross strata in the lower part of a 6-m cycle form grouped, 
planar to weakly curved, parallel sets about 0.6 to 2 m thick (figure 
20). Cross strata are high angle (20 ° to 29°), straight to gently 
concave, tangential, and as thick as S mm. Roughly, the amount of 
curvature and convergence of set boundaries increases upward in a cycle 
figure 20 . Large-scale sets of cross s t rata ne~r base of Marmarth 
s a ndstone at sec t ion SCl (plate 2). No t e upward 
thinning of sets and upward increase i n concavity of 
cross s tra t a . 
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and set size decreases. Therefore, irregular to slightly curved conver-
gent sets of high to low angle concave cross strata ere more abundant 1n 
the upper part. These sets are 0.3 to 0.6 m thick. The cross strata 
typically dip about 15°. 
Planar, parallel sets (tabular) have a median grain size of about 
20. Planar to weakly curved, convergent sets (wedge and trough) are 
more likely to have a median grain size as small aa 2.50, 
Paleocurrent measurements of foresets indicate a unidirectional 
current, Paleocurrent indlcatot:s and set size suggest a fluvial current 
and variable depths. Large grain size, good sorting, and high foreset 
dip indicate the load was tractive and was deposited by avalanching down 
a relatively steep lee slope. From the gradation of planar sets to 
curved sets, it is inferred that current strength and depth decreased. 
This is likely on increasingly higher parts of point bars. 
Large-scale planar, parallel sets indicate a large bedform, such as 
a straight crested dune or transverse bar. Thinner, wedge-shaped, 
convergent sets indicate a similar setting, but with decreased water 
depth. Low dip angles indicate that high water velocity (shallower 
water) may have stretched the dune in the direction of travel. 
Large-scale cross strata grade upward to small-scale cross strata 
and flat strata (lower phase). This gradation may occur several times 
in the upper part of the sandstone unit. 
(3) Small-scale cross strata. Grouped, planar (to irregular), 
parallel sets and convergent sets of high and low angle, straight cross 
r 
strata (compare to figure 39) are most common. Set thickness averages 1 
to 2 cm. Coset thickness is generally less than 0.3 m. The sediment 
consists of mostly fine sand with 10 to 20 percent sllt and clay. 
Paleocurrent measurements are similar to those of large-scale cross 
strata, suggesting a unidirectional current. Asymmetry suggests one 
preferred direction of sediment transport. 
Small-scale cross strata are generally underlain by fluvial dune 
deposits. Overlying deposits may consist of dune deposits, but flat, 
uneven, and ripple stratification of point bar origin is 1110re coannon, 
Therefore, 8111811-scale cross strata are interpreted aa fluvlal ripple 
deposits. 
(4) Very-large-scale cross strata. These features were mapped 
between sections Y5 and Y6 (plate 2) and in an Inset sandstone near 
Y7. For the ...:>st psrt, fine grslned, dipping partings are diagnostic 
indicators of a point bar enviro11111ent. Most sets are 5 to 6 m thick and 
probably 60 to 80 m long. Cross strata dip 4• to 6• and have a slgmoidai 
shape. It appears these features are about two-thirds the width, and 
about equal to the depth of the streem channel that deposited them. 
Detailed e1taminetion shows the partings are a few centlmeters 
thick and consist of mostly laminated silt and clay. Unfortunately, 
I 
complete bar profiles as outlined by these partings are not common In the 
lower parts of the sandstone unit. Partings that are preserved occur 
mostly in very flne grained, poorly sorted upper parts of the unit 
(figure 21), Small-scale cross strata, flat, uneven, ripple, and climbing 
ripple atratlflcation also occur here. Thia sediment grades upward to 
sandy siltstone contRinlng fossil rootlets and leaves. 
fi gure 21 . View of sand s tone unit s in Ma rma rth Membe r nea r sec tion 
Y7 (plat e 2) showing ve r y-large-sca l e set s of c ross 
s tra t a . No t e pa rtings (l), zone of c on c r e tions ( 2), 
upward-fining grain size us r e fl ec ted by i nc r ea se in 
fluting ( 3), and s t ac ki ng o f 6-m s a nd s tone unit s (4) . 
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Textural data (figure 18) indicate that detailed sampling is often 
necessary to determine breaks in sedimentation patterns in Marmarth 
sandstone. Near section Y8 (plate 2), the sandstone section was 
sampled at 1-m intervals (samples Y8-Al to Y8-A8), but there is only 
a small change in median grain size over the section. Only near the top 
does it change significantly to 2.5~ or less. The percentage of silt 
and clay changes little. The section is about 11 m thick and consists 
of two 6-m intervals of sandstone, The break between intervals might 
be overlooked as based on grab samples alone. However. a concretionary 
layer (large-scale cross strata) occurs at the expected break between 
intervals and nearby there is a significant shale break. 
Vertical patterns of primary sedimentary structures may be used 
to divide the Marmarth into 6-m intervals (figure 18). For a typical 
unit, large-scale cross strata grade up to small-scale cross strata 
and flat strata. The flat strata consist of thin beds that become finer 
grained upward (2.50 or less, and 13 to 20 percent or more silt and clay). 
These flat beds are part of sedimentation units that probably correlate 
with cross strata of very-large-scale sets, which typically become 
flatter and more numerous in the uppermost part of the 6-m interval. 
Texture and sedimentary structures suggest a point bar origin 
for Marmarth sandstone. In a sense, the Marmarth is a mirror image 
of the Colgate displaced later in time. However, there are small 
changes In the geometry of channels in response to change in sediment 
load (which is a little coarser and better sorted than Colgate or 





Channel dimenslons are estimated from (1) an inset channel deposit 
near seetlon Y7, (2) an abandoned channel deposlt near section Y8 
(plate 2), (J) the dimensions of very-large-scale cross strata, 
(4) cyclic patterns in texture and structure, and (5) position of thick 
concretionary horizons st about 6-m intervals. 
Paleocurrent measurements of Marmarth sandstone (plate 4) appear 
to show several consistent trends. The lowermost sandstone between 
sections Y8 and YS (plates 2 and 4) trends about 50° (N 50° E). 
Units along Dawson Coulee and Cains Coulee (plates 2, J, and 4) trend 
southerly st 160° (S 20° E) to 175° (S 5° E), Units in the Sand Creek 
(plates 2 and 4) area trend easterly at 90° (N 90° E) to 100° (S 80° E). 
Near section Y8 (plate 4), intermediate trends of 125° (S 55° E) are 
present. Cross sections of channels, such as near section Y8 (plate 2), 
show channel and meander belt margins. These trends occur in areas 
that later were occupied by meander belts of similar trend in overlying 
members. 
Adjacent sandy siltstone and shale units may be used to establish 
the lateral limits of the meander belt near the top of the Marmarth 
between sections Y8 and Y9 (plate 2). As shown for Colgate and Little 
Beaver Creek, these deposits indicate a gradual change from meander 
belt to floodbasin. Coalescence of Marmarth meander belts have further 
obscured individual belts. The average belt width is estlmated to be 
as much as several kilometers. 
Paleoflow Chsracter.--Using hydrologlc relations developed earlier, 
paleoflow characteristics for the Marmarth are determined and summarized 
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in table 2. Stream geometry and sediment load characteristics for 
each 6-m sandstone appear almilar throughout the Marmarth. 
Stream width is estimated from channel profiles near sections Y7, 
Y8, and Y9 (plate 2) and from very-large-scale cross strata between 
sections Y5 and Y7. The two-thirds relationship between very-lsrge-
scale cross strata and channel width agrees well with values estimated 
from abandoned channel profiles. The average width of Marmarth streams 
was probably about 130 m. Thia is slightly wider than Colgate, Bacon 
Creek, and Huff streams. Marmarth channels probably widened to accomodate 
a cleaner, coarser load, which is suggested by the low amount of silt and 
clay in channel and bank sediment. 
Stream depth was estimated from channel proflles, very-large-scale 
cross strata, end thickness of 6-m sandstone units (detennined by 
breaks in the pattern of texture and structures). The average depth 
was probably 5.3 m. This is comparable to Colgate streams but sllghtly 
greater than Bacon Creek. Huff, and Ludlow streams. However, any 
changes in depth are not expected to be large because, for the type 
of load carried, channel widening is more important than channel 
deepening. 
From the above values, the ratlo of width to depth is 25. It is 
the largest W/D ratio in this study. 
The weighted mean percentage of silt and clay ls about 7.9 
(equation 1). It is based on a channel silt and clay of 7 percent, and 
bank silt and clay of 19 percent. To transport thls load requires that 
the stream adjust its shape by widening of the channel to maintain 
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a veloclty proflle that can move the load, Because f!eld values of width 
and depth may vary, one tnUSt compare values of W/D, M, and F to textural 
data for sediment whose depos!tional setting in the channel environment 
is known.· 
Sinuosity of Marmarth streams averages l.S. The value indicates 
a mixed-load stream (Schumm, 1960; 1968). Because lt is lower than 
that for other streams, the additional bedload may explain why Marmarth 
streams were less sinuous. A slightly wider chann~l can transport 
this additional bedload, and 
Hean annual discharge is 
the channel tends to straighten. 
3 
calculated as 220 m /s withs range 
of 160 to 280 m
3
/s. A wider channel would be expected to have a 
greater discharge because discharge is proportional to width and 
sediment load. Equations 6 and 7 provide a large difference in values 
as they did for Colgate streams. Thls suggests that more study of 
the field data is needed, especially that used to calculate M. There 
is better agreement between these equatlons when Mis greater than 10, 
For Marmarth streams, thls would require S to bes few percent higher 
C 
so that its value in equation 1 causes M to increase to 10. Based on 
available textural data, it is unlikely that channel sediment greatly 
exceeded 7 percent silt and clay. No explanation is available except 
that agreement of values increases as M increases. 
3 
Mean annual flood is calculated as be 610 m /s. This is leas than 
10 percent above the average calculated for Hell Creek streams. 
Meander length is calculated to be 1900 to 2600 m; it averages 2200 m. 
These values agree with the decreased sinuosity of Marmarth streams. 
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The drainage area of Marmarth streams was about 23,000 km. This 
ls roughly comparable to Colgate streams and a few Bacon Creek etreama. 
It is about 25 percent larger than the average for all streams. Equation 
11 appears to provide a better estimate for drainage area. There 
appears to have been significant changes in the source area durlng 
Marmarth time. This is indicated by a large increase in the amount of 
volcanic rock fragments, probably due to expansion of the drainage area 
to include volcanic terrain. 
The stream length is calculated as be 520 km (equation 13). This 
is about 15 percent longer than for other streams, but it agrees wlth 
a alightly larger drainage area. 
Channel slope is esti111ated as 0.30 m/km. This is the same 
as for Colgate streams, but it is a little greater than for typical 
streams in the upper Hell Creek. The gradient indicates little change 
in conditions from Colgate time through Bacon Creek time because, 
basically, other hydrologic parameters show little change. This.slope 
is moderately flat and agrees with the stable streams noted, The flat 
gradient also agrees with the base-level aggradation indicated by 
stacking of sandatone unita in even 6-m multiples. 
Sandy Siltstone 
Stratigraphy.--Sandy siltstone occurs between sections Y7 and YlO 
(plate 2) {in the last 6-m interval) and also near section Yl. Thin 
units occur at sedimentation breaks in many 6-m cycles. 
Sandy siltstone near sections Yl and YB is grsdationsl with polnt-
bar sandstone and floodbasln shale. Thickness is greatest next to 
sandstone and decreases away, Thick sandy siltstone of 5 to 6 m may 
be interbedded with shale units up to 2 m thick, Thin units occurring 
at 6-m breaks (within the main mass of Marmarth sandstone) are less 
than a meter to a meter thick, 
With few exceptions, these units are yellowish gray. Yellowish 
gray units differ noticeably from adjacent sandstone that tends to be 
orange gray and more saturated in the lOYR hue. Much of the color 
may have resulted from oxidation. 
Sandy siltstone is moderately indurated and excavation initially 
results in solid chunks. Psrts consisting of well-sorted silt are 
poorly consolidated. A typical unit is dense and compact, but friable. 
Concretions and nodules occur infrequently. 
Sedimentology.--Sandy siltstone is mostly interbedded to inter-
laminated in poorly sorted, flat and draped layers, Laminations dominate 
but very thin beds 3 cm to 5 cm thick also occur. Draped layers often 
conform to the shspe of the depositional surface. Sandy siltstone 
at sections YI and Y8 (plate 2) also show ripple and climbing ripple 
stratification. Typi~al sandy siltstone is slmilar to that in figures 
17 and 25. 
Organic matter is common in sandy siltstone and occurs as laminae 
of finely-divided debris or as fossil rootlets in growth position. 
Laminae are pale brown and accent the stratification. Fossil plant 
leaves are common along laminae. 
The likely environment of deposition is the natural levee, w-lth 
sediment contributions from uppermost point bar and upper floodbasln 
104 
environments. Based on thickness of sandy siltstone, especially 
directly overlying sandstone, levee height is estimated to be about 
2 m. The origin of thin units at sedimentation breaks between 
6-m intervals appears to also be upper point bar and natural levee. 
However, preservation of these deposits is poor due to the highly 
meandering, multilateral Marmarth channels and meander belts. 
Shale and Lignite 
Shale and lignite occurs in uppermost parts of the member and in 
abandoned channel profiles, 
Stratigraphy,--The shale is about 2 to 6 m thick. Units near 
the middle of the Marmarth in section Y9 {plate 2) and near the top 
of the member near section YB are considered special cases because they 
were probably deposited within the meander belt rather than in adjacent 
floodbasins. Shale a fet1 tenths of a meter thick occurs at sedimentation 
breaks between 6-m intervals within the sandstone complex. Shale is 
typically light olive gray to olive gray. Lignitic shale is pale 
brovn. 
Lignite units are rare and those present, such as near section Y6 
and Y7 {plate 2) at the top of the member, are only a few centimeters 
to a tenth of a meter thick. These units are transitional from under-
lying shale. Lignite is pale brown to black, 
Sedlmentology.--A typical shale unit grades upward from silty 
shale to lignltic shale. Lower contacts are generally gradational 
with sandy siltstone. Laterally, the contacts are gradations! with 
sandy siltstone and sandstone. 
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Near section Y9 (plate 2), the shale is falrly thlck and not 
interbedded with other units. In a comparable interval near section Y7, 
shale is interbedded with sandy siltstone. Here, the shale is also 
overlain by sandy siltstone that, in turn, is overlain by slightly 
sllty shale. 
These shale units likely originated in floodbasins adjacent to 
meander belts. This is suggested by the gradstional relationship with 
meander belt deposits and evidence for vertical accumulation, The 
stratigraphy of the floodbasin depends on the stability of the meander 
belt and the frequency and intensity of floods, Few shale sections in 
the Marmarth were preserved because meandering across the depositional 
plain was extensive.· 
Shale also occurs as an abandoned channel fill near section Y8 
(plate 2). It marks the position of the last Marmarth meander belt 
in that area. Tile deposit consists of thin layers of sandstone, silt-
stone, snd shale. Sandstone and siltstone laminations are common in 
the lower part and finer elastics occur in the upper. The layers 
conform to the shape of the channel in the lower part but tend to 
flatten out near the top. It appears the abandoned channel was gradually 
filled. This process was apparently common in Hell Creek fluvial systems 
and preferred over avulaion. 
Isolated plugs of shale alao occur in the middle of the Marmarth 
near section Y9 (plate 2). Thia unit is about 2 m thick and consists 
of silty shale ~t the base and lignitic ahsle at the top. This shale 
is similar to other shale units, except the width of the deposit is 
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characteristic of channel width. If this were of floodbssin origin, 
it would be difficult to conceive how it could be preserved because 
it is enclosed by JDeander belt deposits. Based on its setting and 
lithology, it likely originated partly as an abandoned channel fill. 
The period of relatlve quiet inferred for depositlon of shale near 
sections Y9 and Y3 (plate 2) continued in those areas for much of 
Bacon Creek time, while adjacent areas conslsted of stabilized meander 
belts. 
Bacon Creek Member 
The Bacon Creek is a shale and sandstone member between two 
sandy members, the Marmarth below and Huff Member above (figurea 6, 
12, 13, 14, and 22). 
It consists of the following lithologic units in decreasing order 
of abundance: (1) shale, (2) sandstone, (3) sandy siltstone, and 
(4) lignite, The Bacon Creek is divided into six 6-m intervals related 
to cycles of deposition, 
The type section is about 1 mile north of Marmarth, Slope·County 
North Dakota, It is 36 m thick and consists of one-third to one-half 
light gray to yellowish gray sandstone and one-half to two-thirds 
medium gray bentonite and purplish brown lignitic shale. The lower 
contact with the Mannarth is gradational to interfingering. The upper 
contact is placed at the top of a persistent bentonite overlain by 
thick sandstone of the Ruff. Triceratops and abundant plant fragments 
are present (Frye, 1969). Frye concluded the member was nonmarine. 
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Figure 22. View of lithologi c units in Bacon Creek Member near 
sect i on DC2 (plate 2) s howi ng r epetitive seq uences . 
Note shale ( 1 ) , lignite a nd lignitic shale (2) , th in 
sandy s iltstone (3), thick sandy s ilt stone (4 ), and 
sandstone (5). 
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The Bacon Creek was traced to the Glendive area by Frye and reported 
to be 21 m thick, Thls is considerably leas than the actual thlckness 
(this report) because of placement of the base of the Hell Creek at a 
lignlte within the Bacon Creek Member. The Yellowstone (B-B'), 
Dawson Coulee (D-D'), and Cains Coulee (E-E') sections (plates 2 and 3) 
show the Bacon Creek to average 36 m thick, The lower contact is 
gradational or eroslonal. The upper contact is generally sharp where 
a marker bentonite bed is overlain by Huff sandstone. It may also 
grade to thick Huff shale. The contact is placed l6 m (average 
thickness) above the base of the member. Thia allows correlation of 
units in areas where thick shale and lignite sections form a gradational 
contact between members. It also provides better control of the member 
based on 6-m intervals, 
The amount of sandstone and shale vary, and later in this paper, 
are shown to depend on the location of meander belts and floodbaalns. 
The average amounts of each are about equal. Sandstone is yellow gray, 
cross-stratified, and upward-fining. Each is about 6 m thick, and a 
composite thickness is 30 m. 
Shale is olive gray, bentonitic to lignitic. It is generally a 
few meters thick, and composite sections may be as much as 10 m thick. 
Thin lignite (a few tenths of a meter thick) is interbedded with shale. 
Sandy siltstone forms transltional units marginal to sandstone or 
interbedded with shale and lignite, It is yellow gray to dark yellow 
orange and generally only a few meters thick, 
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The Bacon Creek Member is also present in the type area of the 
Hell Creek north or Jordan, Montana. Frye (1969) gave a thlckness 
of about 41 m, and described the member as consisting of one-half 
yellowish brown and gray, mollusk- and concretion-bearing sandstone 
and one-half bentonitic and lignitic shale, No lignite and only 
one silt unit was noted. Several bentonitic marker beds ""re noted 
(for example, a blue marker bed and a bentonitic marker at the top of 
the Bacon Creek). 
Sandstone 
Strstigraphy.--Compared to the Huff and Marmarth Members, Bacon 
Creek sandstone is less abundant. In the Glendive ares, it is estimated 
to form about one-half of the sediment in the member, but locally the 
amount may vary from more than 90 percent to less than 10 percent, 
This is because sandstone units occur in bodies that in cross section 
are much wider than thick, flat at the base and top, lenticular, and 
elongate in plan view. The width of these bodies varles from a few 
hundred meters to many thousands of meters depending on orientation of 
the exposure with respect to the axis of the body. Thlckness is a few 
meters to more than 30 m, but generally this greater thickness represents 
sandstone units from one or more 6-m intervals. Plates 2 and 3 and 
figures 6, 13, 14, and 22 show typlcal Bacon Creek sandstone units. 
Sandstone is distributed throughout the member and maps of 6-m 
intervals I to VI show relatively well-defined lateral limits for each 
(plates 5 to 10). Multistory sandstone bodies consist of 6-m units 
stacked over the same general area, The predominant trends are east 
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and south. 
Most sandstone in the Bacon Creek is yellowish gray. This contrasts 
with grayish orange for Marmarth units below and light olive gray Huff 
units above. However, the color di'fferences are gradual, Units near 
the base resemble Marmarth sandstone, and units near the top resemble 
Huff sandstone. Mineralogical differences in the sandstone account 
for the different colors. Large amounts of silt and clay give yellowish 
orange or dirty gray colors. 
On first appearance, Bacon Creek sandstone is thinner, limited 
in extent, and relatively featureless as compared to Colgate, Marmarth, 
and Huff sandstone. A typical outcrop (6 to 12 m thick) of sandstone 
is near vertical and massive-looking, However, detailed examination 
shows that large inverted Vs, concretions, and nodules are present, but 
not as common. The absence of these is useful in distinguishing Bacon 
Creek sandstone from sandstone in sdjscent members. 
Lsrge-scsle, inverted V-shaped flutes ere present in several 
sandstones. They terminate in bench-like areas near the bsse of units. 
Rills may be developed throughout a vertical face. Rills and flutes are 
less obvious in the Bacon Creek probably because the unit is less friable 
and more indurated, or possibly lt is protected by slopewash derived 
from overlying shale, 
Large and 81D8ll, linear, concretionary masses are present and 
typically occur as cemented foresets of cross strata, They are not 
abundant, probably because slightly smaller set si:te, finer grain size, 
and adjacent impermeable strata diminished the groundwater flow and, 
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therefore, amount of cementation. 
Round, yellowish orange concretions cemented by limonlte and slderite 
are less common in the Bacon Creek. Jarosite nodules occur in the 
fine-grained, uppermost parts of several 6-m intervals, 
Compared to other sandstone units, friability is low and outcrops 
are very resistent to the geologists pick. The vertical distribution 
of silt and clay is similar to that in adjacent members, but a finer 
sand size and slightly more matrix clay probably contribute to greater 
induration, 
Fossils are not abundant, but I collected not1111Srine plants, turtle, 
and crocodile remains. 
Sedimentology.--Bacon Creek sandstone consists of very fine, fine, 
and medium sandstone. The median grain size is 2,. It occurs in the 
lower part of a 6-m unit. The grain size is generally finer in thin 
sandstone and in the uppermost part of 6-m units. The matrix silt and 
clay is about 4 percent near the base of the typical unit, about 10 
percent (2.s,) in the middle, and 20 to 30 percent (3,) at the very 
top (figure 23). 
There is sn upward decrease in grain size and upward increase in 
percentage of silt and clay. Overall, the grain size is slightly 
finer than in the Marmarth or Colgate, but similar to that of Huff 
sandstone. The distribution of sllt and clay is similar to most other 
Hell Creek units. 
In addition to the increase in silt and clay in the upper part 
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Figure 23. Interpretive dfagram showing texture and structures of Bacon Creek sandstone units 
based on average values from Glendive area. Legend is given on plate 2. 
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6-m sandstone overlies thin lignite. The contact is flat and erosional. 
Sandstone is typically overlain by sandy siltstone and shale. This 
profile is repeated for most 6-m units. For multistory sandstone, 
the fine-grained, uppeE'l!lost parts of component 6-m units may be thin 
or absent, The grain size characteristics and associated units are 
similar to those in other members of the Hell Creek and the Colgate. 
' 
The grain size relationships in east-trending Bacon Creek sandstone 
are beat shown on cross sections A-A', B-B', C-C', and D-D' in the 
western part of the study area (plates 2 and 3). In south-trending 
sandstone they are best shown on cross sections D-D', E-E', F-F', 
and H-H' in the eastern part of the area. 
In approximate order of decreasing abundance, the primary sedimentary 
structures are (1) large-scale cross strata, (2) small-scale cross 
strata, (3) flat to wavy stratification, and (4) very-large-scale 
cross strata (figure 23). 
(1) Large-scale cross strata. T'llls structure forms 60 to 70 
percent of the stratification in a typical 6-m interval, especially 
in the lower 4 m, The abundance and size decreases upward. 
The types of large-scale cross strata include (1) grouped, planar, 
parallel (tabular) sets of high angle, straight to gently concave, 
discordant cross stratai (2) grouped, planar to irregular, convergent 
(wedge) sets of high to low angle, straight to gently concave, discordant 
to tangential crosa strata; and (3) grouped, gently curved (trough) 
sets·of hlgh to low angle, gently concave, tangential cross strata. 
These forms resemble those in flgures 20 and 38. 
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The planar, parallel sets are commonly present 1n the lower half 
of the cycle, but rarely above that. Set thickness is 0.4 to 1.0 m. 
Sets have sharp, erosional lower bounding surfaces that are nearly 
flat-lying and traceable for tens of meters. Crosa strata dip 17° 
to 23°, and dip sections show straight to gently concave croas strata 
in discordance with the lower bounding surface. The cross strata 
consist of well sorted, fine to medium sandstone. Grain ~ize is the 
coarsest and percentage of silt and clay the lowest that occurs in the 
6~ unit. Shale (mud) pebble conglomerate com1110nly occurs below these 
sets, especially near the base of the unit. 
Planar, convergent sets are conmonly present in the lower two-
thirds of the typical 6-m aandatone. Set thickness generally decreases 
upward from 2 m {near the base) to a few tenths of a meter. Average 
set thickness is 0.3 m; sets 0.4 to 0.8 m thick are common in the lower 
few meters and sets 0.1 to 0.3 m thick are common in the middle few 
meters. Sets have sharp, erosional lower bounding surfaces that 
extend only a few meters before converging with the overlying bounding 
surface. Very gentle curvature of these bounding surfaces over the 
breadth of the set 1118ke this type appear similar to curved sets. A 
similar origin is likely. The cross strata dip at 13" to 24°, Typ!cal 
h!gh-angle cross strata dip at 17° to 23° and average 20•. They are 
straight to gently concave. A cross stratum is typically 3 to 5 mm 
thick. The cross strata are discordant to tangential. They consist 
of moderately sorted, fine to medium sandstone with low percentages 
of sllt and clay. 
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Curved sets are also noted in the lower two-thirds of the typlcal 
cycle. Set thickness is 0,1 to 2 m, but typically it is 0.2 to 0.4 m. 
Thick sets occur near the base, with th~nner sets above that. Sets have 
sharp, erosional lower bounding surfaces that extend only a few meters 
before converging. The cross strata dip st 13° to 24°. Low angles 
occur in sets above high angle sets. Dips of 7° to 10° occur in cross 
strata tangential to the lower boundary. The shape is usually gently 
concave. Tangential contacts are more collllllOn than discordant contacts. 
The cross strata consist of fine to mediWII sandstone with a median 
grain size of l.7J to 2.3J; the average is 2J. Grain size decreases 
upward, especially at the 4-m level. There is 3 to 7 percent silt and 
clay. 
Paleocurrent measurements of foresets of the three types of large-
scale cross strata are parallel to the trend of the sandstone units. 
The paleocurrents are unidirectional. 
The large-scale cross strata were formed in dune and bar deposits. 
Based on the shape of the cross strata, the dunes had straight to 
sinuous crests. The dunes were cOl!lmonly a few tenths of a meter high. 
Set size and grain size decrease upward in the unit, suggesting a 
decrease in water depth and current strength. These conditions probably 
resulted from changes in the hydraulic regime during flood flow over 
the point bar. 
The shape of the large-scale cross strata suggests the dunes changed 
character from straight types producing planar surfaces to more sinuous 
types producing curved surfaces during cut and fill events. Straight 
116 
dunes were probably formed in deeper, more powerful currents on the 
lower point bar. They occur vlth 11111d pebble conglomerate. A decrease 
in either water depth or current strength allowed the smaller, curved 
varieties to form. The presence of curved aeta higher in the 6-m 
sandstone suggests an origin higher on the point bar, 
(2) Small-scale cross strata, These cross strata form 15 to 25 
percent of the structures present in a typical 6-m sandstone. Moat 
occur in the upper 1 to 2 m and rarely occur below that. Identification 
is usually aided by cementing of the structure, but excavated exposures 
may also show the internal structure. The abundance of these cross 
strata increases toward the margin of the sandstone. Planar and curved 
sets are IIIOSt abundant. 
Grouped, planar, parallel and convergent sets consist of high 
angle, straight to gently concave, tangential to discordant cross 
strata (compare to figure 39), Set thickness is 0.5 to 3 cm, with l 
to 2 cm most com100n. Coset thickness is generally a few tenths of a 
meter. Cosets often occur repeatedly after a thln sedimentation 
break (in the upper 2 m of the unit). Boundaries are sharp, erosional, 
and planar for a few tenths of a meter, but irregularities in this 
surface are often present. It appears that both parallel and convergent 
boundarlea occur in the same set, but this may be due to perspective only. 
The upper contact of cosets may grade into ripple lamlnstion (wavy 
stratification) and climbing ripple lamination with an attendant 
decrease in grain size and sortlng. The cross strata dip at 12° to 27°. 
Steeper dips occur in coarser sizes and shallower dips occur in finer 
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sizes. The cross strata are commonly straight to gently concave, or 
leas commonly s1gmoidal. Bounding surfaces are tangential, The cross 
strata consist of fine to very fine sandstone of 2,50 to 3.00 size and 
10 to 15 percent silt snd clay, 
Grouped, curved (to irregular), convergent sets consist of hlgh 
angle, gently concave to sigmoidsl, tangential cross strata. Set 
thickness is 1 to 2 cm. Coset thickness is a few tenths of a meter and 
cosets nmy be isolated. The lower boundary is sharp, erosional, and 
curved. The cross strata dlp at 22° to 30° and are strongly concave 
in dip sections to gently concave in strike sections. Sigrnoidal cross 
strata are also present in dip sections. Tangential bases are most 
common. The cross strata consist of fine to very fine, well-sorted 
sandstone. 
Underlying fluvial dune and bar cross strata suggest a fluvial 
origin for small-scale cross strata. The shape, grain size, and 
sorting are typical of fluvial sediment, and the asymmetry of the cross 
strata indicates a unidirectional current. Straight created ripples 
probably formed the planar sets of straight cross strata, Sinuous-
created ripples probably formed the curved sets of concave cross strata, 
Because these cross strata occur between large-scale sets below 
and flat strata (flne to very flne, poorly sorted sandstone) above, 
they were probably deposited in water shallower than for dunes. In 
the point bsr environmen.t, shallower water, or weaker currents, are 
common in the upper part of the bar. The overlying deposits appear to 
have been deposited from very weak currents with a high suspended load. 
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(3) Flat to wavy stratification. This group of strstificatlon 
occurs mostly in the uppermost parts of 6-m sandstone, with the 
exception of the upper"1'hase flat type. The sediment consists of 
poorly sorted, very-flne-grained sandstone with much silt and clay, 
These are mostly laminated deposits that include flat stratification 
(lower phase), irregular or draped stratification, wavy and ripple 
stratification, and climbing ripple stratification. 
Ripple laminations and wavy laminations consist of poorly sorted 
sandstone, siltstone, and shale, Both hsve laminae of organic matter 
or silt accenting the layering, These laminations grade upward from 
small-scale cross strsta (sections El, E3, E6, E7, and E8; plate 3), 
In•phase ripple lamination and out-of-phase ripple lamination (climbing 
ripple lamination) occur st the top of the unit. This sequence is 
similar to that noted by McKee (1965) and interpreted aa a sedimentation 
unit formed by a progressive decrease in current strength and increase 
in deposition of suspended load. 
The likely depositional setting is the uppermost part of point 
bars, near the natural levee. It is here that currents (flood) deposit 
alternating fine and coarse sediment in flat, irregular, and wavy 
laminations that are characteristic of variable current strength and 
load. 
Occasionally noted near the base of Other flat stratification is 
--~ its (-actions \n'B, Y6, plate 2; and El, plate 3), 
s ....... stone un = 
It also 
b e la ...... -scale sets in the 
middle part· of the point bar 
occurs a ov •e-
plate 3; and SCI, plate 2) and consists 
sequence (Sections E3, ElO, 
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of horizontal laminae as much as a few millimeters thick in sets a few 
tenths of a meter thick. The strata consist of flne- to medium-grained, 
well-sorted sandstone. Associated strata are generally dune deposits. 
shale pebble conglomerate is common. These flat strata are interpreted 
as upper-phase plane bed, 
(4) Very-large-scale cross strata. These features are noted in 
most sandstone, especially in the upper half of units and ln sections 
normal to sandstone trend (plates 2 and 3; figure 24). Set thickness 
varies from s few meters to 5 or 6 m, depending on the degree of 
preservation of the structure and orientation with respect to the 
viewer. The lower bounding surface appears flat from a distance, but 
the mode of formation suggests that the lower bounding surface is 
likely irregular or truncated. The upper boundary of the set is generally 
transitional to flatly laminated siltstone and shale. 
A cross stratum may have maximum foreset dips of 9• to 12•, but 
topset snd bottomset portions are nearly flat, Siltstone, shale, or 
organic matter accents shape that is generally straight or sigmoidal. 
The lower contact is discordant to tangential. Gently concave cross 
strata (similar to those in the Huff in figure 40) are also present. 
These cross strata shaw a pronounced pattern of texture and 
structures from base to top (section Y7, plate 2; El, E3, ES, E6, E7, 
E8, and ElO, plate 3). The cross strata thin upward vertically from 
2 m to s few tenths of s meter. The width is 30 to 100 m. The 
sedimentary structures grade upward from large-scale cross strata to 
small-scale cross strata, ripple stratification, and flat, wavy, and 
,•"n ' 
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Figure 24 . Upper part of Bacon Creek sands t o n e unit near sec t ion 
DCl (pl a te 2) showing fine to v ery fi n e sandstone and 
shale partings (1) of v e ry-l a r ge-sca le se ts . Not e 
relief of s hale par tings a nd o b scurity o f unit du e to 
s l opewash . 
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irregular stratificstlon (2 to 20 cm thick). 
They consist of sandstone, siltstone, shale, and organic matter. 
shale partings form the upper boundary of each croas stratum and are 
marked by a contrast in color between dark-colored shale and organic 
matter and light-colored sandstone (figure 24). Where this contrast 
is absent or poor, very-large-scale cross strata are more difficult 
to identify. An excellent example near section WPS {plate 2) has 
lignitic shale layers outlining the channel shape. 
The cross strata become finer upward and more poorly sorted. Fine 
to very fine sandstone occurs in large- and small-scale cross strats. 
The amounts of silt and clay increase significantly as ripple 
stratification and lower phase flat stratification become more abundant 
upwards. 
The very-large-scale cross strata are interpreted as lateral 
accretion deposits. They were deposited on point bars mostly during 
floods. 
Paleoflov Character.--The geometry of sandstone units shown on 
cross sections {plates 2 and 3) and paleoenviromnent maps (plates 5 
to 10) indicate the Bacon Creek consists of meander belt and floodbasin 
systems. Based on the predominant trends shown on the maps, the major 
sandstone units are informally designated BC-52°, BC-135°, BC-55°, 
sc-as•, sc-75°, ec-1so•, BC-170L0 , sc-11ou•, sc-122•, sc-135•, and 
BC-180°. (This is roughly thelr order of occu~rence from the base to 
the top of the Bacon Creek Member, although other units are also present). 
Most sandstones trend east and south. 
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The following sandstones were studied for paleoflow characteristics: 
BC-85°, BC-150L 0 , BC-135°, and RC-180° (table 2). Sandstone BC-85° 
resembles Marmarth units and sandstone BC-180° resembles overlying Huff 
units. Sandstones BC-1SOL 0 and BC-135° are intermediate in stratigraphic 
position and paleoflow characteristics. Bacon Creek time appears as 
the cross-over period between wider Marmarth channels with flne to 
medium load and slightly narrower Huff channels with mostly flne load. 
These changes, however, were slow to evolve. 
Independent estimates of width and depth of streams are made from 
the geometry of abandoned channel deposits and from very-large-scale 
cross strata. Stream vldth was 110 to 120 m; stream depth was 5.2 to 
5.3 m. This suggeats adjuatment of the channel shspe to s finer 
load by a slight decrease in width with time. 
A finer load is reflected in the sediment load parameter, M, which 
is 8.1 to 9.4. This is based on 7 to 8 percent silt and clay in the 
channel and 21 to 24 percent silt and clay in the banks. 
From the above values of Mand W/D, the bedload (sand) was shout 
7 to 7.5 percent of the total load. This is characteristic of a stable, 
mixed-load stream (Schumm, 1968). The values are comparable to the 
Colgate and Marmarth, but there is a decrease in the amount of bedload 
toward the end of Bacon Creek deposition. 
The width to depth ratio (equation 3) wss 23 to 27. This compares 
favorably wlth ratios of 21 to 23, determined from more direct measure-
ments of channel shape. It ls also a check on the accuracy of values 
of silt and clay used ln determining the sediment load parameter, M, 
,2, 
The width to depth ratio decreased with time. 
Stream sinuosity was about 1.5 to 1.6. Compared to earlier 
streams, this indicates a slight lengthenlng of the channel for every 
kilometer of valley length. The agreE!lllent of values from equations 4 
and 5 provide a good check on the validity of relationships between 
parameters used in determining Mand F. The sinuosity of Bacon Creek 
streams was moderate and typical of stable, mixed-load streams. 
The meander wavelength (meander length) was about 1800 to 2100 m 
(equations 9 and 10). The values indicate a trend toward a more 
sinuous stream with decreasing distance between each meander (and point 
bar). 
Schumm (1968) indicated that meander radius is about one-fourth 
the width of the meander belt, provided wavelength ls about ten times 
stream width (which ia generally true here), Therefore, the average 
meander radius was 300 to 400 m. 
Mean annual discharge and mean annual flood are less compared to 
previous streams. Mean annual discharge (equation 9) decreased about 
3 20 percent through the Bacon Creek period from 220 m /s, which is 
3 comparable to Marmarth streams, to 170 m /s, which ls comparable to 
Huff streams. Mean annual flood (equation 10) decreased from 540 
3 to 500 m /s. This suggests, for roughly similar channel shapes, that 
Bacon Creek floods were of slightly less magnitude. It also may 
indicate more belt stability, better conditions for levee development, 
containment of more of the high stages to the banks, and development 
of areas suitable for organic deposition. 
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Dralnage area appears to have decreased frOIII 23,000 to 17,000 Ian 
during Bacon Creek time. (Because estimates of these areas are based 
on discharge, lt is assumed they are only as accurate as the values 
used to derive dlechsrge,) This was a gradual change, one supported 
by gradual changes in the mineralogical composition of sandstone, and 
possibly drainage ares, as discussed in Chapter IV, 
The stream length decreased during Bacon Creek time from 520 
2 
to 450 km. The relationship of strl!Slll length to drainage area (equation 
13) indicates that only large changes in drainage ares wlll cause a 
significant change in stream length, and dralnage area is related to 
discharge (equations 11 and 12). Changes in discharge due to changes 
in vegetative cover or climatlc change during this perlod are not 
indicated by avsllable paleontologic evidence. Therefore, the decrease 
ln stream length may indicate shiftlng of the headwaters slightly 
closer to the depositional basin. An alternative to this interpretation 
is to consider the depositional basin shifting toward the source area, 
This is not likely because the load would probably become coarser,·not 
finer as noted here. Also, the trsnsgresslve :Implications for this 
postulate are not documented for the Hell Creek, 
The slope of the streams was 0.29 to 0.31 m/km. These are too 
simllar to previous slope values to evaluate confidently. The values 
do suggest that, regardless of inltial differences in width, depth, 
sediment load, and discharge, the load and discharge control channel 
shape and balance each other to keep the slope constant. Load le only 
slightly finer and, therefore, channel width is slightly smaller to 
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accomodate that load. Thus, the slope changes very little. 
Bacon Creek meander belt widths are variable (compare units BC-85°, 
BC-150t•, BC-135°, and BC-180° (plates 5 to 10), although stream width, 
depth, and the width to depth ratio change very little, The meander 
belts occur in two groups--those with widths of 400 to 800 m and those 
with widths of 1200 to 1700 m, which include the above units. Colgate 
and Marmarth sandstones consist of many coalesced meander belts whose 
limits are difficult to identify, but it is likely that those belts 
were larger than those in the Bacon Creek. Bacon Creek belts have 
well-defined margins flanked by siltstone, shale, and lignite. 
The Width of Bacon Creek meander belts is related to meander 
wavelength, that, in turn, is related to discharge and sediment load. 
Belt width decreases as weighted mean percentag~ of silt and clay (M) 
increases, which means that sand in the channel enhances meandering 
and clay inhibits meandering. Therefore, Colgate and Marmarth streams 
meandered because the amount of sand in the channel and bank was 
high. This resulted in a relatively wlde meander belt, Bacon Creek 
streams had a greater amount of silt and clay in the channel and 
banks. Thie tended to slow channel meandering and resulted in narrower, 
more stable meander belts. 
Another factor of meander belt width is repeated abandonment end 
establishment of meander belts in the same general area. In the 
Colgate and Marmarth, this process led to eventual coalescence of 
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belts. In the Bacon Creek, the distribution of meander belts indicates 
abandorunent and reoccupation of certain belts, but the belts remained 
isolated by interdistributary floodbaa!na (plates 5 to 10). Part of 
this may be due to resistance offered by fine ·clast1ca between 
distributary belts and part may be due to stream avulsion. Uncontrolled 
avulsion causes many meander belts to form and eventually join. Avulaion 
in selected areas, probably those with a sandy substrate, is likely 
to cause former belts to be reoccupied. The master control on repeated 
avulsion is the location of the trunk distributary relative to the 
depositional sub-basin and, hence, the amount of sand funneled to the 
area. A fixed trunk yields an abundance of sand (Marmarth). An 
intermittently active trunk (Bacon Creek) pulses sand to an area. 
In so doing it allows the nnid framework to thicken, and this controls 
channel position. 
There are two general patterns in Bacon Creek meander belt trends~ 
east-northeast and south-southeast. Two major streS1ll trunks were 
probably alternately active during Bacon Creek time, but the southerly 
system appears to have gradually replaced the easterly one, These 
two major trunks formed the i,maller distributary belts. The easterly 
trunk formed meander belts BC-85°, BC-55°, BC-51°, and BC/WPi4 (plates 
5 to 10; 2 and 3). The southerly trunk formed belts BC-170L0 , BC-150°, 
BC-125°, BC-170U 0 , BC-122°, BC-135°, and BC-180° (plates 5 to 10; 2 
and 3). Belt BC-85° is considered the major easterly belt and BC-135° 
la considered the major southerly belt. The easterly system probably 
diverged from the ares east of sections Yl to Y5 (plate 7). The 
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southerly system probably diverged near section GCl (plate 7). 
The two trunk belts probably converged upstream (rather than 
being two belts of two distinct streams entering the depositional 
basin), Petrographic evidence indicates only slight differences in 
mineralogical composition of sandstone in the two trends. Stream 
length indicates a silllilar distance to the source area for all Bacon 
Creek streams. 
Discharge of the distributary belts and trunk belts was roughly 
aimilar also. It appears stream hydrology during Bacon Creek time 
changed very little, but there was a trend toward slightly finer load 
and less discharge by Huff time, This suggests one major river carried 
the load to the depositional basin or sub-basin. The pattern of 
bifurcation of this major river ia not known, although a few major 
distributary patterns are known. Thia type of bifurcation and joining 
of meander belt deposits (plates 5 to 10) ls common in the chsnnel-
floodbasin environment (Russell, 1967). 
Channel diversion in meandering streams may be abrupt or gradual 
(LeBlanc, 1972). Based on the interbedded sandstone, siltstone, and shale 
that occurs in the abandoned channel deposits, diveralon in the Bacon 
Creek was gradual. Relatively fixed belt positions in the Bacon Creek 
indicate that major channel diversions were directed toward pre-existing 
meander belts. In this slow channel abandonment, there was diminishing 
flow and gradual in-filling of the stream course with first sand, 
and then silt, clay, and peat. The absence of thick clay plugs in the 
Bacon Creek also suggests slow abandonment. 
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Because flow to the abandoned channels gradually diminlshed, lt 
is llkely that the new channel was diverted to a nearby meander belt 
rather than to the floodbasin, although there is s gradient advantage 
in a diversion to the floodbasin. This is probably because the levees 
were well developed. Protective levees in the Bacon Creek are suggested 
by the absence of coarse splay deposits and the presence of blanket-like 
swamp and marsh lignlte in the interior of the floodbasins. 
Sandy Siltstone 
For study, sandy siltstone is divided into thick (meters) and 
thin (2 m or less) types. Esch type shows differences in texture and 
structure that may be used to identify the position of the unit relative 
to a meander belt. Because Huff sandy siltstone units are similar in 
characteristics and origin, they will be treated here also. 
Strat:lgraphy.~Sandy siltstone units occur adjacent to the margins 
of sandstone (figure 25). The thickness varies from a few meters to 
6 m. Multistory sandstone units may have a corresponding cumulative 
thickness of sandy siltstone as great as 18 m. Laterally, thickness 
decreases away from sandstone. Examples occur in sections DC3, DC5, 
DC6, and Y6 (plate 2), CCI, CC4, and E7 (plate 3), and figure 22, 
Thick units parallel the sandstone trend and are much longer 
than wide. Units often appear thicker and better developed on one 
margin of the sandstone than along the other. In plan view, this 
pattern alternates from one side to the other along the length of 
the belt. 
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Figure 25. Interpretive diagram showing general characteristics and depositional origin of sandy 





The width of thick units normal to the sandstone trend is 300 to 
500 m for belts 1200 to 1800 m wide, and as much as 100 m wide for 
belts about 400 m wide. This is from 3 to 5 tlmes the channel width. 
Larger belts have more extenslve sandy siltstone deposits, 
Sandy siltstone is generally yellow gray to grayish orange. Units 
consisting of mostly siltstone are often yellowish orange. Units 
consisting of a relatively high percentage of sandstone are yellow gray 
and visually difficult to separate from adjacent sandstone. However, 
thick units usually lack concretions, are more massive and have 
finer texture and smaller structures than sandstone. 
Concretions are few and local. The large concretions common in 
channel sandstone are generally absent from sandy siltstone, but 
nodules are present. They consist of limonite and jarosite in a silty 
matr:tx. Thick units (near margins of sandstone) withs massive, poorly 
sorted appearance com1110nly contain these nodules. The nodules are a few 
centimeters to a tenth of a meter thick and roughly spherical. They 
are distributed somewhat randomly throughout the unit, especially in 
Some nodule a may be excavated' intact• but 
poorly consolidated parts. 
many crumble when excavated. 
brown to black externally and 
Harder nodules weather in relief. They are 
yellow brown and black internally. 
E:saa1.nat1on of broken nodules 
1 Pattern with limonitic ehawa a concentr c 
organic silt forming the 
f 
1~a the outer rind and jaros1tic to 
silt orm • .., , sllt-eized 
consist of powdery, 
--• ty the nodules may 
center, !nte~ ' 
Tbeee nodules appear to be the 
aeilaent. 
od t of local che111ical pr UC 
act!on around organ!c fragments, which are abundant 1n sandy alltstone. 
Thick unite weather to steep-sided slopes that are generally 
covered by a thln layer of clayey slopewash. Overall, they are masslve 
and homogenous but a few layers may be orangish colored, which alds 
in correlation. 
Thick units are poorly consolidated to well consolidated. Silty 
parts are relatively soft compared to sandy parts that are resistant 
and difficult to excavate. 
The lower contacts of thick units are generally sharp and erosional, 
but may be gradational with sandstone. The lower contact may be at 
the same level as the base adjacent sandstone or above that (sections 
DC4 to DC6, plate 2). Like sandstone, sandy siltstone often overlies 
thin lignlte. The upper contact is generally transltlonal over a meter 
or more to shaly siltstone and silty shale. This pattern ls repeated 
in almost every thick unit observed. 
Thick unite grade frOIII sandstone on one margin to shale and lignite 
on the other farther from the meander belt. Thick units gradually 
thin and interfinger with shale and lignite in a repetitive manner. 
Floral remains are generally present. Organic matter is abundant 
as concentrations of fragments on bedding planes. Other fosslls include 
roots, rootlets, plant stems, leaves, and occasionally, small tree 
stumps. Rootlets are very abundant in more poorly sorted, flatly 
laminated sandstone and siltstone. The rootlets are delicate, millimeters 
in width (cross section), and up to a few centimeters in length. 
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Occasionally, a larger root or small stumps are present in lignitic 
siltstone, but they are more common in shale snd lignlte sequences. 
Fossils of leaves and stem parts also occur with rootlets along 
bedding planes. Well-preserved leaf prints occur where the siltstone 
and shale are about equal in abundance. Leaf remains are more likely 
in shaly siltstone and shale. 
Vertebrate fossils are abundant in thick (3 m or more) units. 
Fossils of turtle, crocodile, and dinosaurs are often present. 
Thin sandy siltstone appears to be more c0111111on than the thick 
type, probably because they ere more tabular and less lenticular. The 
contrast between thin units and other units gives the Bacon Creek a very 
layered repetit1ve look (figure 22). Other examples of thin units occur 
in sectlons DC4, DC6, DC7, WP12, Y7, Y9 (plate 2), and ES, E6, E7, and 
CCI (plate 3). 
Thln units occur in lenticular beds that project from thick sandy 
siltstone units on one margin to shale on the other. To some degree 
they parallel meander belts. Thickness is a few tenths of a meter to 
about l or 2 m. The decrease in thickness away from meander belts 
is gradual over hundreds to thousands of meters. Thin units are better 
developed in areas more remote from the meander belt than thick units. 
Thin units are yellow gray to grayish orange. Sandstone layers 
are gray; shale laminae are olive gray; silt laminae are orange colored. 
Thin sandy siltstone is moderately indurated to weakly cemented. 
The resistance to excsvatlon is moderate to high, but sediment is 
generally frlable. 
- -- - - ---------------
Thin, laterally extensive, concretionary layers are common. They 
are l to 2 cm thick, flat lying, purplish brown to yellowish orange, 
and consist of shaly sediment cemented by manganese, siderite, and 
limonite. Hori&ontally they extend from a few meters to hundreds of 
meters. Vertically, they are isolated by layers of shale or siltstone 
and generally occur in groups of one to several concretionsry layers. 
These features are probably contemporaneous with deposition, and are 
related to fluctuations in pH or Eh caused by periodic submergence and 
emergence of the deposit, The color suggests a dominance of oxidizing 
conditions. 
The contacts of thin units ere sharp, but generally conformable. 
The base of thiri unite generally overlies thin lignite or lignitic 
shale units (figure 22). The upper contact is gradationsl overs few 
tenths of a meter to shale or lignitlc shale. Thin units grade laterally 
from the meander belt to silty shale. 
The fossils ere similar to those in thick sandy siltstone. 
Sedimentology.~Sandy siltstone becomes finer away from the meander 
belt (figure 25). Near the channel, the sand is fine (2.5,) and it forms 
60 to 80 percent of the unit. A few hundred meters away, the sand is 
very fine (3J) and it forms 40 to 60 percent of the unit. Far from 
the channel sandy siltstone grades to shale, and the amount of sand 
ls zero to 30 percent. The remainder of the unit is composed of 50 
to 70 percent silt and 30 to 50 percent clay. 
Thick sandy siltstone occurs nearest to the meander belt, Adjacent 
to the meander belt, it contains beds with as much as 80 percent sand of 
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about 2.51 size. These units often consist of about equal amounts of 
sandstone and siltstone. Vertically, thick units show poor sorting and 
abrupt texture changes, There is gradual fining upWard to silty shale, 
Most of the sedimentary structures consist of several types of 
laminations. These include cross laminations, and flat, irregular, 
wavy, ripple, and climbing ripple laminations, These different types 
of.laminations may be produced in sequence by currents of decreasing 
strength and finer load (McKee, 1965). 
Small-scale sets of cross laminations occur in sandy parts of 
thick sandy siltstone, The sets are grouped and irregular and consist 
of low angle, slgmoldal to concave, and tangential cross laminae 
(similar to those in figure 39), Set thickness is generally a few 
centimeters. Coset thickness is generally less than a few tenths of 
a meter. They consist of about 80 percent fine to very fine sand 
(2.5-) and 20 percent silt and clay. Cementation of these structures 
often aids in their identification especially where laminae weather in 
relief. Their occurrence in sandy parts of thick units suggests a 
moderately energetic depositional site. Relatively minor amounts of 
small-scale, planar sets of high angle fluvial cross strata may also 
be present, The small-scale cross laminations sre interpreted to be 
fluvial. 
Flat, irregular, and wavy laminations are also common in thick 
units. They consist of alternating layers of coarse and fine sediment 
that yield a general flat-bedded appearance. Abrupt vertical changes 
in grain size and sorting are evident (figure 26). 
cig ure 2 6 . De tail e d v iew of sandy silt s t o ne un it i n Bacon Creek 
Membe r nea r section YlO (pla te 2 ) showing ty p i cal 
text ur e and s tructures . No te cross l a minat ion ( J), 
flat to wavy l a mina tio n (2 ) , and u pward increase in 
l ignite cont e nt . Pick marks indicate moderat e degree 
of lithif i ca tion . 
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Two types of flat lamination are present. The first type is 
abundant in the lower parts of the unit. The laminae consist of 
sandstone, siltstone, shale, and organic matter. The total thickness 
is a few centimeters to several llll!ters, They consist of 70 to 80 
percent sand of 20 to 30 size, These flat laminations occur with 
ripple lamination and cross lamination in vertical sequence. They sre 
equivalent to lower-phase plane bed and consist of tractive and suspended 
losd. 
The second type of flat lamination consists of leaa sandstone and 
more siltstone, shale, and organic matter. The sandstone forms an 
estimated 40 to 60 percent of the deposit, but siltstone and shale tend 
to dominate the color and sorting, and are more consolidated. The 
aandstone is of 30 to 40 slze. In general, these deposits take on the 
shape of the depositional surface, The shape may be lrregulsr to wavy 
over a distance of tens of meters. Undulations many meters long are 
present. Thickness varies from s few,millimetere to a few tenths of 
a meter. 
The second type of flat lamination ie moat common in fine-textured 
parts shove ripple lsmlnation and croes lamination. These laminations 
are widespread, blanket-like in form, poorly sorted, and fine textured. 
In addition, fossil rootlets in growth position occur within the flat 
laminations. They probably reflect suspended load deposited during 
overbank flow. 
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In-phase (ripple) and out-of-phase ripple (climbing ripple) 
lamination may form much of the sandy siltstone, especially the silty 
parts. Total thickness ranges from a few tenths of a meter to a few 
meters. The amount of silt and clay is 30 to 60 percent; 60 percent 
is most common. 
A change from ripple to climbing ripple lamination appears to 
occur spontaneously' and may be repeated several times in a group of 
structures. A common vertical sequence consists of ripple lamination 
overlain by climbing ripple lamination, Repetition of these structures 
is common in the silty parts of sandy siltstone, The cycle suggests 
a decrease in current strength and load size. These structures are 
interpreted as suspended load deposits of single events (flood) and 
successive events (flood waves). 
Thin sandy siltstone occurs farther from the meander belt than 
does thick sandy siltstone. Near thick sandy siltstone, it typically 
consists of,about 30 to 40 percent sandstone, 30 to 40 percent slltstone, 
and JO percent shale. Near the floodbasin, it consists of 50 to 70 
percent siltstone and 30 to 50 percent shale. The sorting is better 
than in thick units. 
Ripple and climbing ripple laminations are also present in the 
sandy parts. These structures are s:lmilar to those described for thick 
sandy siltstone. 
Sandy siltstone in the Bacon Creek and Huff is interpreted as 
overbank deposits. The strat1graphic position, lithologic patterns, 
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sedimentary structures, geometry, and paleontology are similar to those 
ln modern and anclent natural levees (Coleman and Gagliano, 1965; 
Russell, 1967; Allen, 1970; Bernard and others, 1970; Rolb and Van 
Lopik, 1972; LeBlanc, 1972; Jacob, 1973a; and Elliot, 1974}. 
The type of sandy siltstone is related to the position of the 
channel in its meander belt and the amount of long-term meandering. 
The thick units may have formed along cutbanks where the thrust 
of the current was directed. The thin units may have formed next to the 
depositional bank of the point bar where the currents were weaker and 
more variable. Another likely hydraulically equivalent setting for thin 
units is between the channel and floodbaain. As such, they are simply 
extenslons of the levee (or crevasse splays) into the floodbaain, 
The cyclic interbedding of siltstone with shale end lignite indi-
cates repeated repositioning of the channel within its meander belt, 
When the channel is moving away from one margin of its belt, levee units 
become thinner and finer grained. They are generally overlain by shale 
and lignite that indicate re-establishment of the swamp and marsh. When 
the channel is secreting toward a belt margin, units tend to become 
thicker and coarser grained. Floods of varying magnitude may bring 
about rapid changes in the basic pattern of units, 
In general, levees of Bacon Creek streams were probably 1 to 3 m 
hlgh (with an average height of 2 m} and as 111t1ch as 600 m wide, which 
is three to five t.l.ftles the channel width. Larger belts appear to have 
had more extensive levee deposits, probably because the levee height and 
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extent was cumulative. In areas adjacent to the belt, levees were 
well developed and appear to have contained most high stages reasonably 
well, Evidence for this is the common occurrence of swamp and marsh 
deposits in the floodbaaina. In other areas, the relationship between 
levee and sensitive environments like the swamp and marsh was delicate 
and most attempts at plant growth and acc11111Ulation were short-term. 
The end of swampy and marshy conditiona is marked by progradstion of 
the levee over part or all .of the floodbaain (figure 34). 
A low levee height is also suggested by the gradient differences 
between channel, levee, and floodbasin. The gradient betveen these is 
normally increased as the natural levee aggrades vertically and floods 
are increasingly confined (Elliot, 1974). The gradient differences in 
Bacon Creek and Huff belt and floodbasin couplets were probably not 
large because (1) levee height was not large, (2) catastrophic avulsion 
is not indicated by the orderly progression of environments shown in 
sequences, and (3) there is a lack of creavasse splay deposits. 
Most Bacon Creek and Huff natural levees were apparently effective 
in trapping sand and silt before it reached backwater areas. This is 
probably due to an abundance of plant cover on the levee that filtered 
coarse sediment from overbank flow. Stable levee sites are also 
indicated by thick sandy siltstone units along the margins of most 
belt deposits and thick shale and lignitic shale sequences between many 
meander belts (sections WP3, WPll, CC6, DC3, Y9, and E4, plates 2 and 3). 
' '~~. 
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Shale and Lignlte 
Several types of shale were recognized in this study. They are 
based on (1) thickness; (2) the smount of sandstone, siltstone, shale, 
bentonite, organic matter, and lignite; (3) color; (4) cyclic relatlon-
ships to underlying and overlying units; and (5) lateral and vertical 
distribution of grain size and sedimentary structures. 
Lignite units are generally local, thin, and interbedded with 
shale. Widespread lignite is also present. 
The characteristics of shale and lignite in the Bacon Creek appear 
similar to those in overlying members. Therefore, generalizations 
are also supported by evidence from those members. 
Stratigraphy.~The thickness of shale generally is a few tenths of 
a meter to 6 m. Thin shale is less than a few meters thick and may 
occur throughout a 6-m interval. It ia beat developed in areas between 
the meander belts. Thin shale units are characteristically banded due 
to cyclic interbedding wlth siltstone and lignite. 
Thkk (greater than a few meters) shale units occur mostly in the 
central parts of floodbasins and also in abandoned channels in the 
meander belt. These units were later incorporated into the floodbasin. 
Shale that transcends the boundaries of. t.he local floodbasin generally 
forms bentonitic marker beds that are useful in regional stratigraphic 
correlation of members. Repetitive sequences of shale and lignlte and 
other lithologies are very common (figure 27). Cycle A is dominated by 
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Figure 27. Diagram showing types of repetitive sequences in the Hell 
Creek Formation and adjacent strata near Glendive. 
fi ~ur e 28. Vi ew of cy cle B seq u e n ce in Bacon Creek Me mb er neor 
section DC3 (p late 2 ) s h owi n g thin shale , lignit e , 
a nd thic k sand y s iltsto n e . Not e f l a t l ayering in 
thic k sand y siltston e (1) and d e b r is of manganosiderit e 
co nc r e tionary l ayers (foreground) . Re fe r a l so t o 
f i g u res 2 7 a nd 3 4 . 
Figure 29 . View of cycle B sequ ence in Bacon Creek Member be tween 
sec tions Y7 and Y8 (plate 2) s howing th in s hale (1), 
lignitic s hale a nd lignit e (2) , a nd thin sa ndy 
siltstone (3) . Ref er also to figures 27 and 34 . 
Figur e 30. De tailed vi ew of part of cyc l e B sequ e nce in Bacon 
Creek Me mbe r near sec tion DC3 ( plate 2 ) s h owing 
lignitic s hale overlain by sandy sil t s t o ne . Not e 
l i g n i tized root s i n s mooth, bloc ky , lignitic s hale (1). 
Grooves a r e pick ma rks . 
Cycle A shale and lignite occur within the meander belt in the 
uppermost meter of the typical 6-m sandstone cycle. Shale and lignite 
ere grsdational with sandstone (compare to figures 13, 22, 23, 37, and 
42). This cycle may be overlain by another 6-m sandstone cycle. 
Cycle B shale and llgnlte occur in floodbasins next to stabilized 
meander belts in the Bacon Creek. Cycle B sequences typically consist 
of 2 to 3 m of silty shale, l to 2 m of bentonitic shale, 1 to 2 m of 
lignitic shale, 0.3 to 1 m of lignite, and 2 m of sandy siltstone 
(figures 28 to 30). This sequence may be repeated several times ins 
single 6-m interval. The relative abundances of esch component are 
similar for IIDlltiple 6-m intervals. Examples of this sequence occur 
near sections CCI, CC3, CC4, CC6, CC7, DC1, DC4, DC5, WP4, WP14, E4, 
Ell, Y7, Y8, and Y9 (plates 2 and 3). On a 6-m interval basis, the 
cycle msy occur several times. However, the stratigraphic control is 
often insufficient to trace each cycle laterally because the beds are 
thin and indistinguishable. In addition, they are often obscured by 
slopewash, local slumping, or depositional discontinuities. However, a 
few of the thicker lignite units are generally present and provide 
needed correlations in critical areas. 
Cycle C sequences ere different from the other cycles due to a lack 
of sandstone and siltstone and an abundance of shale, lignitic shale, 
and thin lignite (figures 31 and 32). This sequence is com1110n in the 
central parts of areas between meander belts. The basic repetitive 
pattern consists of shale, lignite, and shale, but lignitic shale may 
substitute for lignite. The lower parts of the shale are generally 
Figure 31. View of cycle C sequences at to p of Bacon Cr eek Member 
near sect i on E2 (plate 3) s howing thick s ha l e (1), 
lignitic shale (2), a nd minor siltstone (3) . Cycle 
i s about 5 m thick ; pick i s 0. 4 m long . 
Figure 32 . Vi ew of part of cyc l e C sequence in Hu f f Member near 
section E6 (plat e 3) s howing thick s hale un i t . Note 
fossil of Tricera to ps in fo reground. 
silty to bentonitic; upper parts are lignitic, grading to lignite. Cycle 
C is typically 1 to 2 m thick, and consists of 80 to 90 percent shale 
with the remainder lignite, Therefore, in a typical 6-m interval, three 
shale and lignite cycles may be present. However, one cycle consisting 
of mostly shale may also form all 6 m. The sequence may stack to tens 
of meters thick and represent many cycles, Typical examples of this are 
present near sections Y6, Y8, Y9, WP3, WP13, DCl, DC3, DCS, CC2, CC6, 
E3, E9, and ElO (plates 2 and 3), 
The color of shale varies with the content of sand, silt, clay, 
bentonite, and organic matter. Silty shale is dark to light colored. 
Small amounts of silt alter little the basic shades of olive gray and 
light olive gray. However, about 40 percent or more silt yields yellow 
gray, dusky yellow, pale yellow brown, light yellow gray, and light gray 
shale. The end member of this sequence is siltstone, which is yellow 
gray to grayish oranSlightly bentonitic shale is light gray; 
bentonitic shale is light olive gray (5YS/2), olive gray, yellow gray, 
light greenish gray, slightly purplish olive grsy, or light olive brown; 
bentonite is light olive gray. 
Varying amounts of organic matter in different states of coalifi-
cation yield organic, carbonaceous, slightly lignitic, lignitic, and 
very lignitic shale. As the amount of organic matter increases, the shale 
is pale yellow brown (10YR6/2), moderate brown, olive gray, pale yellow 
brown, dark yellow brown, brownish gray, and finally, olive black and 
dark olive gray. The end member in this sequence ia lignite, which is 
black, brownish black, or psle brown. 
A typical ahale aection in the Bacon Creek (or Huff and Pretty 
Butte) appears banded due to slight texture and color differences. In a 
typical repetitive sequence consisting of thin shale, lignite, and 
siltstone (figure 22) the shale grades upward through light olive gray 
silty shale, olive gray bentonitic shale, and pale brown to black 
lignitic shale. In a typical thick shale sequence, a similar color 
change occurs, but more gradually as silty shale grades upward to 
lignitic shale (figure 27). The predominance of much dark-colored shale 
in the Bacon Creek creates, to a large degree, the somber appearance of 
the Hell Creek Formation. 
Modern-day oxidation produces macroscopic gypsum crystals or white 
gypslferous powder in the shale and lignite. This white powder may 
cover underlying units (figures 13 and 22). 
Shale weathers to smooth, rounded, convex slopes with benches. 
Resistant lignite and siltstone layers add to irregularities in this 
profile, Very steep slopes in shale are not common. They usually are 
the result of slumping such as near sections DC4 and Y8 to YlO (plate 
2). A lengthy, flat-bedded appearance may be disrupted by local, em.all 
scale alumping, or differential compaction. Shale weathered to isolated, 
rounded hills or knobs are common in relatively moderate to steep Rell 
Creek terrain (figures 12, 13, and 14). 
·Bentonitic shale ia often cracked and curled to form popcorn-like 
surfaces. Large amounts of organic matter or silt may reduce the 
abundance of this texture, as well as the size of each curl. Large 
amounts of bentonite increase the size of the curl, and from a 
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distsnce in bright sun, the shale appears a darker olive gray (light 
olive gray). This darker color appears to result from a large percentage 
of shadowed areas in the cracks between curls. 
Concretions are not common. When present, they occur as thin, 
concretionary layers (and carbonate-cemented pods), often interbedded 
with siltstone. They are purplish brown to reddish brown, depending on 
the state of oxidation of the iron oxide. These ironstone concretions 
weather into relief and break off to form a rubbly area downslope. 
Sedimentology.--Gycle A shale possesses a variety of textures and 
inten,al structures. Near the base, it consists of poorly sorted 
sandstone, siltstone, snd shale in thin beds and laminations. As the 
percentage of shale increases upward, layers become thinner (l to 3 cm) 
and lose the characteristics of coarser deposits (such as ripple 
lamination and cross lamination), These layers form sandy shale, which 
is not common. Silty shale is more common, and it grades vertically to 
silt-free shale.Above the sandy transition, most shale is silty, 
gradually becoming more carbonaceous or lignitic. Thin lignite may be 
present. 
The silty shale is generally thinly laminated, but laminations are 
not easily identified without magnification. Bentonitic shale appears 
without structures (possibly bioturbsted), although magnification 
reveals occasional laminations. Laminations are generally absent from 
organic shale. Microscopic organic matter occurs in the lower part of 
organic shale, but in amounts above 40 percent, laminations are present. 
Laminated organic matter and a high degree of coalification sre charac-
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teristics of lignltic shale. Thinly interbedded lignltic shale, shale, 
and lignite are commonly fissile. 
In cycle B, silty shale consists of very thin beds and laminations 
of siltstone and shale, The laminae are 0.1 to 0.5 mm thlck. Laminations 
are best observed when the amount of siltstone is about equal to shale, 
as in the lower part of the unit. The lateral extent of silty shale beds 
is great. Fossil roots, rootlets, leaves, stems, and orgsnlc matter are 
common. Thin ironatone layers up to 2 cm thick occur in silty shale. 
These layers suggest periodic oxidation of the deposit. 
As the amount of bentonite gradually increases upward in cycle B, 
bentonitic shale is fot'll!E!d. Bentonitic shale may be very thlnly lamlnated, 
but generally it is smooth, dense, hard, and non-laminated. Slickensldes, 
disseminated organic matter, and plant fossils are commonly present. 
Lignitic shale is gradational with bentonitic shale. Dlsseminated 
organic matter is common in the lower part, whereas organic matter is 
often flatly laminated in the upper (lignitic) part. The thickness of 
the lignitic parts is generally no more than a meter, including any thin 
lignite (O.l to 0,3 m) that may occur above it. 
Overlying sandy siltstone consists of siltstone layers about 5 to 
8 cm thick and shale layers about 2 cm thick. The layers are upward-
fining and form a zone of 60 percent siltstone and 40 percent shale 
consisting of 0.3-Dllll-thick laminae, a zone of 50 percent siltstone and 50 
percent shale consisting of 0.1 to 3-mm-laminae, and a zone of 30 percent 
siltstone and 70 percent shale consisting of 0.1 to 5-mm-thlck laminae. 
Concretlonary layers are common in the lower zone. 
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Shale of cycle C is similar to shale of other cycles in that it is 
usually silty, bentonitic, and lignitic. Laminations are the most 
abundant structure, but they appear to be less common than in cycle B 
shale. 
Stratigraphic position, lithology, thickness, extent, color, 
pattern of texture and structures, and fossils suggest that the shale 
of cycles A, B, and C is largely a floodbasin deposit (some abandoned 
channel shale in cycle A). The shale is similar to descriptions of 
floodbasin deposits in environments (Coleman and Gagliano, 1965; Russell, 
1967; Fisher and McGowen, 1969; Allen, 1970; Bernard and others, 1970; 
Kolb and Van Lopik, 1972; LeBlanc, 1972; Cherven, 1973; Jacob, 1973a; 
Johnson, 1973; Elliot, 1974; and Moore, 1976). 
The lignite is similar to swamp and freshwater marsh deposits in 
interchannel floodbasins (Coleman and Gagliano, 1965; Russell, 1967; 
Fisher, 1968; Fisher and McGowen, 1969; Bernard and others, 1970; Kaiser, 
1972; Kolb and Van Lopik, 1972; and Rehbeln, 1978). Floodbasins are 
isolated from one another by meander belts (plates 5 to 10), Deposition 
in each floodbasin is largely related to flood events of the nearest 
active meander belt, Unraveling the sequence of events on s bed-by-bed 
basis shoo,s that a shift in position of the stream channel over a period 
of time produces a corresponding change in the lithology, texture, 
structures, and stratigraphy of deposits in the floodbasins. 
The level of each floodbasin was about equal to the base of the 
stream. As the stream accreted laterally, the floodbasin fllled vertl-
eally, and the final thickness of fill in each environment was roughly 6 m. 
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This indicates that the supply vas matched to subsidence and much of 
the area aggraded from bsse-level up. Because the position of meander 
belts in the Bacon Creek remained relatively fixed, the position of 
floodbasins was relatively fixed. Thick accumulations of shale and thin 
swamp and marsh deposits resulted. 
The precise sequence of coarse and fine elastics in a given flood-
basin is basically the product of {1) external influences of flooding 
from a given active channel that may be most apparent on one side of the 
floodbasin at one t:lllle and later on the other via a different meander 
belt, and {2) internal processes of swamp and marsh lacustrine environ-
ments that produce biologic or biologically-altered deposits. 
It appears that thin shale {cycle B) vas deposited by floods in 
areas near the meander belt. These areas were sensitive to flooding 
because the channel vae near and flooding vas frequent. The thick shale 
(cycle C) vae deposited in areas more protected from floods. Clay and 
colloids in suspension or organic matter from biologic activity were 
deposited. 
The probable sequence of depositional events that formed cycle A 
are shown in figure 33. Shale and lignite of cycle A begin as abandoned 
channel and belt fill, and are later incorporated into adjacent flood-
basin deposits to form widespread units that transcend local inter-
distributary boundaries. Shale is deposited in the upper part of polnt 
bars as the stresm meanders to the far side of the belt and abandons 
that channel. A bed of regional significance may form as subsidence 
brings the entire area to the same baselevel, except for possibly the 
If 
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Diagram showing the probable origin of the cycle A sequences (figure 27). A. Channel ls 
diverted into floodbasin. B. Stabil1zed meander belt and flank1ng levees are developed as 
channel migrates laterally. Other belts are developed nearby in a similar manner. Flood-
basin fills alternately with overbank s11t and clay and swamp and marsh peat. C. Oistrib-
utaries are gradually abandoned. Subsidence exceeds aggradation and shallow water conditions 
develop over the area. Clay and peat are deposited, marking the end of the upward-fining 




natural leveee, This is a common process in meandering stream systems 
(LeBlanc, 1972). 
As conditions in the enlarged floodbaein become suitable for 
establiehment of a swamp or marsh, silty, bentonitic, and lignitic 
shale are successively deposited. Thie indicates a progressive decreaee 
in sediment supply from outside the floodbssin, If the introduction of 
sediment to the basin becomes negligible, it is likely that a small lake 
initially forms, followed by a swamp or marsh. A balanced combination 
of the following conditions may then result in lignite: (1) sedilnent 
supply; (2) subsidence of the basin; (3) balance of the water table and 
depositional interface; (4) production of organic matter; and (5) decom-
pos!tion of orga.n!c matter. Interruption of the swamp by re-establish-
ment of a stream over a former belt, poeeibly initially by crevassing, 
is evidenced by another generation of sandy siltstone overlying thin 
lignite. 
The probable sequence of depositional events that formed cycle B 
are shown in figure 34. Cycle B basically represents progradation of 
the levee over the floodbasin environments. 
The bentonitic shale probably formed in shallow water (pond or 
lake) in the interior of an interdistributary floodbasin. Much of this 
sediment may have originated as suspended clay or colloids largely 
derived from floods. An ooze of clay, organic colloids, and emulsoids 
possibly up to a meter thick (for a small lake) formed on the lake 
bottom. Similar deposits occur in small lakes between distributaries 
of the Mississippi delta (Kolb and Van Lopik, 1972). 
-
Figure 34. 
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Dfagram showfng the. probable origin of cycle 8 sequences (figure 27). A. Distributary meander 
belt and interdistributary floodbasin are aggradatfonal couplet. Point bar sand is deposited 
fn meander belt, levee sand and silt along flanks of channel, and overbank and lake silt and 
clay and swamp and marsh peat in floodbasin. 8. As channel aggrades laterally, natural levee 
progrades toward floodbasin., C. Aggradation on levee exceeds subsidence in floodbasin and 
levee progrades toward floodbasfn. Levee sandy silt is deposited on floodbasin shale or 
lignite, marking the end of the upward-coarsening cycle 8 sequence. The direction and.rate 
of channel migration with respect to position and subsidence of the floodbasin determine the 




Lignitic shale (and lignite) was probably deposited in a swamp or 
marsh that developed in part of the floodbaain. Widespread lignitic 
shale and associated lignite indicates that the swamp or marsh even-
tually expanded and probably encompassed most of the floodbasin. The 
swamp and marsh largely consisted of non-voody vegetation. However, 
leaves, twigs, seeds, and tree stumps are also present. This suggests 
that trees probably grew in the swamps, but they were not as abundant as 
broad-leaved marsh plants. The vegetative deposits are thin, suggesting 
instability in the water level in the s,,amp and marsh. Lakes, swamps, 
and marshes probably co-existed as a function of water depth. 
Once the swamp and marsh environ,nent established itself over most 
of the interdistributary floodbasin simultaneously, the period of 
organic accumulation must have been relatively short because few lignite 
units in the Bacon Creek have any substantial thickness. Considering 
that coarse levee sediment sharply overlies thin lignite and the swamp 
and marsh environ,nent occurs between meander belts, it is likely that 
the natural levee prograded into the floodbasin and abruptly destroyed 
the marsh. Encroach111ent was probably due to migration of the channel 
(with its belt) toward the interchannel floodbasin. 
For many cycle 8 sequences, levee progrsdation may have been a one-
time process recording one levee advance, or an advance, retreat, and 
advance. Correlation of the shale and lignite with sandy siltstone 
and sandstone indicate that the floodbasin sequences were dependent 
upon the location of adjacent levee and point bar environments. On a 
smaller scale, this dependent relationship is reflected In the many thln, 
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interbedded and interlaminated lithologiea reflecting seasonal events 
such as flooding (coarse layers), emergence (oxidation), drying-out (mud 
cracks), rsin (rain prints), faunal death (fossil turtle, crocodile, and 
fish), and floral growth and decay (fossil leaves, stumps, and rootlets). 
Farther from the stream, the vagaries of these seasonal events are less 
apparent and may be lost in the thick shale, lignitic shale, and lignite 
of cycle C. 
Coleman and Gagliano (1964) discussed cyclic sedimentation in the 
Mississippi River deltslc plan and considered cycles in major delta 
lobes to be similar to cycles in small lobes created by crevassing into 
interchannel areas. The small-lobe cycle flned upward and conaisted of 
coarse detrital sediment at the base and flne, nondetrital (organic) 
sediment at the top, This is similar to cycle B, which essentially is 
siltstone and shale bounded by lignite. Coleman and Gagliano suggested 
that active subsidence and a shifting of the point source of supply 
cause thls cycle, These factors are also reflected in the sequences 
observed in cycle B. 
Elliot (1974) described similar cycles in interdistributary bsy 
sequences of the Mississippi delta. The cycles originated between 
deltaic distributaries and resulted from flood exchange between channel 
and interchannel (bay) areaa. Overbank flooding (sheet flow) and 
crevaaslng (splays and avulsion) were the main processes of exchange. 
They were initiated by gradient differences between channel and basin 
created during alluvial ridge development. The bays were filled in a 
cyclic manner until another channel was diverted into the bay. This 
1 
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produced a cycle consisting of allt, clay, and llgnite overlaln by 
siltstone. Cycle 8 closely resembles thla cycle. 
The probable sequence of depositional ·events that fanned cycle C 
are shown in figure 35. Relative to the.average position of meander 
belts, the units of cycle C probably accumulated in stable areas remote 
from the meander belt. The shale fonned ln the lakes and the lignlte 
in swamps and marshes. Basically, these units record a flip-flop of lake 
and svamp (marah) conditions. It appears that the swamps (marshes) were 
killed due to high water levels created by subsidence. 
Huff and Pretty Butte Members 
The Huff Member consists of mostly ssndstone and lesser amounts of 
shale between the Bacon Creek below and Pretty Butte above. The amount 
of sandy siltstone and lignite is minor. 
The Huff has been traced by Frye (1969) from its type section along 
the Missouri River near Huff, Morton County, North Dakota to Marmarth 
along the Little Missouri Rlver, and from there to Glendive and the Fort 
Peck areas of Montana. Near Huff, North Dakota, the member is 30 m 
thick and consists of light gray to light yellowish grey cross-stratified 
sandstone w!th a few percent medium gray, bentonitic to lignitic shale 
(Frye, 1969). At Mannarth, it is 37 m thick and consists of two-thirds 
grayish, cross-stratified sandstone with calcareous sandstone lenses 
and one-third medium gray to gray, bentonit!c shale and br~ 
vwu to light 
brown l!gnltic shale. F 
rye noted the relative absence of lignitic shale. 
?he lower contact is sharp and placed at the 
top of a regional bentonite 
overlain by Huff sandstone. 
The upper contact is gradational to 
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Figure 35. Diagram showing the probable origin of cycle C sequences (figure 27). A. Interdistributary 
floodbasfn between stabilized meander belts fills in response to relative rates of aggradation 
along channel margins and subsidence of area. B. Subsidence exceeds aggradation in interior 
of floodbasin. Lake, swamp, and marsh conditions are developed alternately depending on 
relative balance between supply, subsidence, water table, and vegetative growth and decay. 
Shallow water favors swamp along belt margins, and deeper water favors lake in floodbasin 
interior. C. Lake, swamp, and marsh environments alternately occupy large areas of 
floodbasin and may expand to include other interdistributary floodbasfns. The relative 
balance of factors in (B) are reflected in the extent, thickness, and number of shale and 




tnterfingering with Pretty Butte bentonitic shale, Vertebrate and 
freshwater mollusk fosslls are abundant in the member in western North 
Dakota and eastern Montana (Frye, 1969), Based on the lithologies 
and fossils, Frye concluded the sandstone was largely a rlver channel 
deposit, 
At Glendive, the Huff is about half sandstone and half shale. It 
forms 42 m to almost 48 m of the upper Hell Creek, '1here sandstone is 
present as a thick contiguous section. Usually, the uppermost 6 m of 
the Hell Creek is shale, and, where present, easily recognized as the 
Pretty Butte Member. The lower contact of the Huff is generally flat and 
erosional, but '1here sandstone is absent (sections WP3, WP12-WP14, DCl, 
and DC5-DC7; plate 2), the contact is more subjective. In those places, 
it is determined by correlating local marker units of lignite or 
bentonitic shale. Using the average thickness of the member, the lower 
contact may be determined by measuring down from the Hell Creek and 
Ludlow contact or up from the lower contact of the Bacon Creek. In either 
csse, the contact thus determined can usually be traced laterally to where 
it ties in withs more distinct contact between Huff sandstone and Bacon 
Creek shale. The upper contact is easily determined where Huff sandstone 
is overlain by bentonltic shale of the Pretty Butte Member. 
At Glendive, the Pretty Butte varies from a few meters to 6 m or 
more in thickness. It consists largely of bentonitic and lignitic 
shale, with less extensive units of light olive gray, cross-stratified 
sandstone 5 to 6 m thick. The lower contact with the Huff varies from 
gradational and interf!ngering (section WP14, plate 2) to flat and 
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eroslonal (section WP9, plate 2). 
The member becomes difficult to distlngulsh from the Ruff where 
sandstone overlies sandstone. The question then becomes whether the 
upper 6 m should be entirely assigned to the Pretty Butte (noting both 
shale and sandstone are present) or whether contiguous Ruff sandstone 
should be counted as part of the Ruff and the overlying shale as part of 
the Pretty Butte. However, to be consistent with the definition of 
these members, shale ls generally included in the Pretty Butte and 
contiguous sandstone is included with the Ruff. 
The upper contact of the Pretty Butte is placed at the base of 
lowest persisten; lignlte in the Ludlow, This lignite is generally 
present throughout ·the study ares. Bentonitic shale grades up to 
lignitic shale and then to li~nite to form a conspicuous marker with 
lateral continuity. The lignite is generally less then a meter thick, 
but may be up to 1.5 m thick. Several other locally developed lignites 
near sections WP12, CC6, and E7 (plates 2 and 3) may be mistaken for the 
lowest persistent lignite. 
The lowest persistent lignite is not only s convenient marker bed 
separating the Rell Creek from the Ludlow, but also represents a temporary 
(but significant) break in the pattern of sedimentation in the meander 
belt and floodbasin systems once present throughout the Rell Creek. 
With the conclusion of widespread deposition of bentonitic shale and 
lignite, familiar meander belt patterns appear again in the Ludlow. 
The Pretty Butte Member is present in the Fort Peck area. Frye 
(1969) said it was 9 m thick and consisted of medium to dark-gray, 
bentonitic shale (bentonite) and thin, grayish-brown sandstone. '!'he 
member overlies yellowish-gray sandstone of the Huff and underlies dark-
brown to black lignite and lignitic shale (1,5 m thick) of the Tullock 
(Ludlow) Formation, 
Sandstone 
Stratigraphy.~Individual sandstone units (6 m) have flat, erosional 
bases and gradational tops. Sandstone may form 10 percent (section WP3, 
plate 2) to 90 percent or more (section GC3) of the upper 48 m of the Hell 
Creek, The units tend to stack vertically in a manner similar to Bacon 
Creek units, The width of these sandstone complexes ia one to several 
kilometers, Adjacent to multistory, linear complexes, there usually is 
at least one 6-m sandstone. All units appear to be elongated in the 
direction of paleocurrent trends. 
Sandstone ia light olive gray (5Y6/l) and yellow gray (5Y7/2), 
Light olive gray predominates in upper Hell Creek sandstone and gives 
the Huff a light gray appearance (figures 6, 13, and 36). Silty sand-
stone ia yellow gray; shaly and lignitic sandstone are darker shades of 
gray. Parts of sandstone near sections GC5 and CC6 (plate 3) contain 
appreciable amounts of bedded lignitic material that causes exposures to 
appear blackish from a distance (similar to figure 11). A low amount of 
volcanic rock fragments and a high amount of quartz, sedimentary rock 
fragments, and metamorphic rock fragments are basically responsible for 
the light color of Huff sandstone. 
Well developed badlands relief is present. Most aandatone is 
friable. The outcrops are hard and cover a large area, Although rugged, 
I 
Fi gure 36. View of sandstone unit s in Huff Member near section 
CC7, plate 3 (T. 15 N. , R. 56 E. , sec. 7, SW~) 
showing typical stacking of upwarJ-fining 6-m units. 
Note s hale partings (1) in sandstone, s hale (2 ) 
between cyclic sandstone (3), thick Ludlow sandstone 
body (4), and bright s iltstone (5). 
moat surfaces are walkable. Nearly vertlcal cliffs are largely absent. 
Rill development is com1110n in fine-and very-fine-grained sandstone, 
especially in the uppennost parts of 6-m intervals. The rills grade 
downward into large inverted Vs vlth associated caves and pipes, The Huff 
appears more rllled than any other sandstone observed, probably due to a 
slightly finer grain size and 1DOre silt and clay. 
Concretions and nodules are abundant. Concretions occur as cemented 
masses of sandstone a few tenths of a meter thick to a few metera thick. 
They may be isolated or grouped. Grouped types of tabular concretions 
occur as horizons along the base of individual 6-m units (flgure 36). 
Tabular concretions consist of cross-stratified sandstone cemented 
by calcium carbonate or iron oxides. These concretions probably form in 
the moat permeable sand avallable in the unlt. They may extend dis-
continuously for a few meters to hundreds of meters. More continuous 
layers occur in exposures that are parallel to the axes of the sandstone 
bodies. 
Concretions may also be spherical, elliptical, or elongated, the last 
of which are the familiar log-like concretions. They have rounded 
sides, concave-up bases, and may be one meter thlck, a few meters wide, 
and up to a few tens of meters long. Spherical and elliptical concretlons 
are generally about l m thlck. These concretions often cap sandstone 
pedestals that are COlllmon in badlands topography, but only noted thus 
far in the Huff. 
Other, more isolated, concretionary masses occur in the upper, fine-
grained parts of individual units. They ere up to a few tenths of a 
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meter thick and consist of cemented (calcium carbonate), small-scale 
cross strata. 
Other features include thin, concretionsry layers and jsrosite 
nodules. They are most abundant in shsly or silty sandstone. The thin 
concretionsry layers are typically up to a centimeter thlck and extend 
horizontally for tens of meters. Limonite and siderite are com11Km 
cementing agents. Nodules are not very common, but are similar to those 
in the Bacon Creek with silty, organic cores and outer rinds of jsrosite 
and llmonlte. They occur in silty sandstone. 
Individual sandstone units are upward-fining and also become finer 
sway from meander belt margins, They generally grade vertically and 
laterally to ssndy ·siltstone and shale or lignitic shale. Sandstone may 
also be directly overlain by other sandstone units. 
I have collected fossils of dinosaurs, crocodiles, turtles, and gar 
from the Huff Member. 
Sedimentology.--Ruff and Pretty Butte sandstone consists of fine 
sandstone grading up to very fine sandstone. In a typlcal 6-m unit, the 
grain size is 2, to 2.50 at the base, and 2.5, to 313 at the top. The 
most abrupt change occurs in the upper meter of the unit. Medium sand 
(1;513) was also noted at the base of several uqita. 
The amount of silt and clay in the matrix~ 8 to 12 percent for 
the lower two-thirds of a typlcsl cycle and 20 or 30 percent in the 
upper one-thlrd, particularly the last meter. Overall, Huff sandstone 
is slightly finer gralned and contains more silt and clay than previous 
sandstone. The signlficsnce of this is discussed later in relation to 
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sediment load, channel shape, and character of the deposit, 
Types of stratification in the Huff include (1) large-scale cross 
strata, (2) small-scale cross strata, (3) very-large-scale cross strata, 
end (4) flat, irregular, and wavy stratification. Most large-scale 
cross strata occur in the lower two-thirds of the typical 6-m sandstone. 
The other forms are more abundant in the upper one-third. Typical 
texture and stn.cture patterns observed in Huff sandstone are summarized 
In figure 37. The thickness, grain size, and distrlbution of these 
forms resembles that of underlying units. 
(1) Large-scale cross strata. This type may form 60 to 80 percent 
of the primary sedimentary stn.ctures, They include grouped, planar, 
parallel (tabular) sets, planar convergent (wedge), and gently curved 
(trough) sets of high angle, straight to gently concave, tangential 
cross strata (figure 38). 
Large scale sets are 0.1 to 1.5 m thick. Set thickness decreases 
upward from 0.7 to 0.2 m. Planar, parallel sets are generally thicker 
than those with curvature or convergence. Dip sections show typlcal 
sets are O.S to 1 m long. Sets are usually grouped and cosets ere 0,2 m 
up to several meters thick within a 6-m interval. Coaets may be 
separated by thin intervals of flat stratlfication. 
The lower bounding surfaces are planar to gently curved. The 
amount of, convergence and curvature increases upward in the sandstone. 
Planar, parallel surfaces are common in lower parts of the 6-m interval 
and planar, convergent surfaces above, them. The cross strata generally 
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Figure 38 . Large- scale sets of cross strata in Huff sandstone 
between sec tions DC7 (plate 2) and CC7 (plate J). 
These are planar, parallel (tabular) to planar, 
convergent (wedge ) sets . 
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Dips greater than 25° are present in the planar parallel sets. A cross 
stratum consists of medium to well-sorted sand with coarsest sizes at 
the base of a lamina and finest at the top, 
As grain size decreases upward, the amount of silt and clay increases, 
especially in the uppermost 1 to 2 m, Near the base of the sandstone 
the silt and clay is 7 to 12 percent, with an average of 10.5 percent. 
Associated median graln sizes are 1.8J to 2.9,, with an average of 
2.30. The coarsest sizes occur near the base. Over the next few meters 
there is a general grouping of sizes between 20 and 2.7J and an asso-
ciated increase in silt and clay from 8 to 12 percent. Near the top, the 
median grain size is 2.30 to 2.90, with an average of 2.60 and 14 to 18 
percent silt and clay. 
The base is generally erosional and flat. Flat stratification 
(upper-phase plane bed) may occur here. Shale pebbles and shale pebble 
conglomerate are also commonly present, The shale pebbles are imbricated 
and occur along bedding planes. Thin layers of upper-phase plane bed 
may also occur between large scale coaets in the 3- to 5-m part of the 
unit. The thickness is a few centimeters up to 0.1 m. Meaaurements of 
azimuths of foreset slopes and of the long axes of log-like concretions 
containing large-scale cross strata indicate a trend parallel to meander 
belts. 
Large-scale cross strata are interpreted as preserved foresets of 
fluvial dunes. Set size, texture. sorting, and paleocurrent direction 
suggest an upward decrease in current strength. The various forms 
suggest that straight-crested dunes {some transverse bars) graded to 
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smaller, straight- and sinuous-crested dunes, In most respects, these 
structures resemble types found in previous sandstone units, except set 
size is slightly smaller and grain size trends toward fine sand vith a 
few percent more silt and clay. 
(2) Small-scale cross strata. In a typical 6-m unit, about l to 
2 m, or 15 to 30 percent of the structures consist of BD1all-scale cross 
strata. They usually occur in the upper third of a unit, particularly 
above large-scale sets and 'Within very-large-scale sets. As the silt and 
clay increase, small-scale cross strata become more abundant. 
The most common small scale types are grouped, planar to irregular, 
convergent sets and gently curved sets, The cross strata are high to 
low angle, gently concave to sigmoidal, and tangential (figure 39). 
Sets are 0,5 to 5 cm thick, vith a few centimeters most common. 
Cosets are generally 0.1 to 0.2 m thick and are separated by other types 
of stratification. Total thickness may be as much as a fev meters. 
Large-scale cross strata usually underlie these cosets. Shale partings 
of very-large-scale cross strata may overlie them. This sequence may be 
repeated several times in the upper half to one-third of the 6-m inter-
val. 
Planar parallel sets dip up to 36°, and curved sets dip at 15° to 
25°. The dip decreases as grain size and sorting decrease. The cross 
strata are rarely straight, but usually are curved to some degree 
(concave to sigmoidsl), depending on the perspective viewed. The cross 
strata consist of fine sand of 2.3- to 2.9¢ size, vith an average of 




values (appendix B) suggest a narrower range 
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Figure 39 . Small-scale sets of cros s strata in Huff sands t on e 
n ear section CC7 (plate 3) . 
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in graln size and a better sorted sand fraction than in large-scale 
cross strata. In the upper few meters of the cycle, the allt and clay 
is 15 to 20 percent, but may be aa hlgh aa 30 percent. As the silt and 
clay increase and grain size decreases, cross strata grade upward into 
ripple stratification, climbing ripple stratification, and wavy, irregu-
lar, and lower-phase flat stratification. 
Measurements of paleocurrent direction made from rib and furrow 
structures and from foresets indicate a unidirectional current that is 
parallel to the margins of the sandstone unit (or complex). 
Small-scale cross strata are interpreted as preserved foresets of 
sinuous to linguoid ripples. Their occurrence in a sequence of upward-
finlng texture and decrease in structure size suggests a decrease in 
current strength and water depth compared to underlying dune cross 
strata. 
(3) Very-large-scale cross strata. Very-large-scale cross strata 
are abundant in the Huff (figures 36 and 40 to 42) and are more apparent 
than in other members of the Hell Creek. Part of the reason for thls 
may be a badlands-type weathering that exposes the three-dimensional 
characteristics of the cross strata. Another reason may be that the 
shape is apparent because of dark-colored shale or lignitic shale 
partings that contrast against light-colored sandstone. The best 
examples occur in sections normal to the axis of the sandstone. 
Very-large-scale sets are 5 to 6 m thick. '!'hey extend from top to 
bottom of a sandstone unit and typically extend laterally for tens to 
hundreds of meters in the same 6-m unit. Most sets sre separated 
i ?4 
Figure 40 . View of Huff and Pretty Butte Members and Ludlow 
Formation between sections GC4 and GCS, plate 3 
(T . 15 N. , R. 56 E. , sec. 6, NE~) showing point 
bar partings (1) and abandoned channel deposits (2 ). 
Note Cretaceous-Tertiary contact (3) and 
repe titive, laterally persistent shale , lignite, 
and sandy siltstone sequences in Ludlow. 
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Figure 41. View of Huff and Pretty Butte Memb ers and Ludlow 
Formation (north of figure 40 and near section 
GC4, plate 3) s howing rela tionships of sandstone 
unit (1) at base of Ludlow t o ad j acent units ( 2) . 
Note contact be tween sandstone and f l anking 
shale (3) and betwee n overlying sandstone (4). Th e 
right margin of this sandstone ap pears on the left 
side of figu re 40 . 
Figure 42 . View of Huff sandstone unit between sections EB a nd 
E9 (plat e 3) showing upward-fining 6- m sandstone (1) 
with lignitic mat t er accenting l a r ge-sca l e sets (2) 
and s hale pa rtings of very- l arge-scale sets (3) . 
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vertically from the other by intervening siltstone and shale. 
The sets typically consist of sandstone grading up to siltstone snd 
shale and include large-scale cross strata, small-scale cross strata, and 
several types of flat stratification. Each cross stratum grades upward 
into sandy siltstone and shale that forms partings. This is the basic 
sedimentation unit present. A number of these sedimentation units form 
the very-large-scale sets. 
Shale partings thst sre preserved in full sre roughly 4 to 6 m 
thick, and concave to sigmoidal (figures 36 and 40). The partings may 
be flat lying (upper point bar) or dip up to 19° (steep part of lower 
point bar). The dips range from 4° to 14°, The average is about 9° for 
all observations (figure 37). Cross strata with 10• dip (middle and 
lower point bar) are 0,5 to 1.2 m thick; those with 5° dip (upper 
point bar) are 0,1 to 0.3 m thick; those nearly flat are a few centi-
meters to 0,2 m thick. 
Thick, steep sets consist of mostly coarser sand sizes and large 
scale sets. Siltstone snd shale form only the upper few centimeters. 
Thin, flat sets generally c~nslst of finer sediment and more small scale 
structures. 
The orientation (maximum dip direction) of very-large-cross strata 
with respect to the axis of a sandstone unit or complex, deviates as 
much as 40" from the trend of the sandstone unit determined from large-
scale cross strata, log-like concretions, and mapping of the margins of 
the sandstone. 
178 
The very-large-scale cross strata are interpreted as polnt bar 
deposits. Beginning with the lower pblnt bsr, the bedforms include 
transverse bars, dunes, and upper-phase plane bed. Dune forms are 
dominant up to the middle of the point bar end grade to shallow-water 
ripples and lower-phase plane bed in the upper polnt bar enviro11111ent. 
(4) Other types of stratification. These include lower and upper 
phase plane bed, ripple and climblng ripple stratification, and wavy to 
irregular stratification. With the exception of upper-phase plane bed, 
these types are products of a relatively low energy environment (levee 
and upper point bar) adjacent to the high energy point bar environment 
(lower end middle). 
Paleoflow Character.~The units (informal) selected for use in 
paleoflow analysis (table 2, p. 252) include DC-180°, WP-150°/170°, 
CC/DC-135°, WP-85°, GC-180°, CG-110°/135°, E-135°, CC-180°, and E-80°. 
They are representative of fluvial conditions in the late Hell Creek 
in the Glendive area. 
The major meander belt patterns are east to northeast and south to 
southeast (plates 11 to 18). The patterns are similar to trends estab-
lished in underlying members. However, there are more meander belts in 
each 6-m interval. This makes reconstruction of the depositional 
framework more difficult due to cross-cutting of belts, Both the 
easterly and southerly belts ere preaent in the same 6-m interval. The 
easterly streams appear to have dominated the area in the lower Huff 
and then southerly streams dominated in the upper Huff (intervals IV 





Meander belt widths are 400 to more than 1700 m. A common width 
of narrow belts is about 650 m. The narrow belt widths are likely due 
to a decrease in sandstone dispersal to the ares and increase in 11111d 
deposition. A decrease in the radius of curvature (related to increased 
sinuosity} may also have caused the decrease in belt width. 
Plates 11 to 18 clearly show the meander belt and floodbasin 
depositional framework. The vertical stacking of units and patterns of 
belt divergence and convergence ere repetitive. There is an upward 
trend toward coalescence of belts, except in the Pretty Butte where 
extensive belt development is absent and replaced by a few narrow belts 
that are probably single distributary channels. 
The myriad of meander belts left the floodbasins in disarray 
apparently because many streams established new courses in the floodbasin 
rather than reoccupy earlier ones. This resulted in the criss-cross 
patterns and irregularly shaped floodbasins. The meander belt patterns 
were probably largely controlled by load, discharge, and dispersal 
of a few trunk distributary belts. 
Nine different belts and thelr streams were studied for paleo-
hydrologic characteristics (table 1). Estimates of stream width and 
depth made from abandoned channel deposits, very-large-scale cross 
strata, and thickness of sandstone units have a narrow range. Stream 
width was 100 to 120 m, and depth was 5.1 to 5.3 m. Compared to Bacon 
Creek values, there was only a small decrease in width (and perhaps 
depth} with time. 
- -
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The width to depth ratios were 20 to 23, baaed on the above width 
and depth values, and 16 to 21, based on equation 3. Early Huff streSllls 
were moat similar to late Bacon Creek streams. With time, they show a 
trend toward lower ratios. The agreement between the above values 
supports the accuracy of width, depth, and texture estimates used to 
determine the sediment load parameter (M). 
A decrease in ratio of width to depth represents adjustment of 
channel shape to accomodate a finer sediment load. This is reflected in 
the sediment load parameter, M, which was 10.2 to 13.1, Thia is s small 
increase compared to Bacon Creek streams, probably due to a small 
· increase in the percentage of silt and clay in the channel and bank. 
The silt and clay in the channel was 9 to 12 percent, and in the banks 
it was 23 to 26 percent. Thia increase in the silt and clay may have 
caused a finer substrate, finer banks, and decreased sinuosity, which 
probably inhibited the meandering. 
Huff streams showed an increase in sinuosity, from about 1,6 to 1.7. 
The sinuosity was moderate and typical of stable, mixed-load streams. 
Meander wavelength was 1300 to 1700 m and decreased with time. This 
correlates with the increased sinuosity. Meander radius was about 
400 m. This ia similar to Bacon Creek examples. 
3 Early Huff streams had a mean annual discharge of about 190 m /s 
(equations 6 and 7). This is similar to moat Bacon Creek streams. Late 
Huff streams had a 10 to 15 percent decrease in discharge to about 160 
3 
m /s. The decrease in width, depth, sand load, and discharge with 
time probably explains why Huff streams became slightly smaller and had 
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a finer load. Thia translates into more channel stability, more sinuous 
streams, narrower meander belts, and more cycl1c1ty in channel margin 
deposits. 
Mean annual flood was 530 to 610 m3/s and averaged about 560 m
3
/s, 
A logical assumption is that the decreased discharge ia the result of 
decreased drainage area, or possibly a change in other hydrologic 
conditions in the source area, 
Stream length was 390 to 480 km long, and averaged 430 km. Thia is 
moat similar to late Bacon Creek streams, but it continues the trend 




drainage area of Huff streams was 14,000 to 20,000 km, and 
2 
17,000 km • Early Ruff values are a.lmilar to the Bacon Creek, 
but late Huff streams drained an area about 10 percent smaller. 
Stream slope was 0.28 to 0.29 m/km. These values indicate a 
slightly flatter depositional slope. Thia is not signlf!cant enough to 
have controlled changes in stream regime, hut it ls consistent with the 
distrihutary and interdistributary environments present during late 
Huff time, 
Sandy Siltstone 
The general characteristics of these unite were discussed earlier 
in conjunction with Bacon Creek units. They were interpreted as mostly 
natural levee deposits with upper point bar, upper floodbasln, and 
crevasse splay deposits probably present, too. A few specific aspects 
of Huff sandy siltstone are discussed here. Crevasse splays are diffi-
-
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cult to recognize in the Huff deposits, but they probably were respon-
sible for establishment of new stream courses. A likely area for 
crevassing occurs vhere meander belts show divergence of pattent such as 
between sections DCl and Gel (plates 11 to 18), Channel diversion in 
the Huff may have been enhanced by sinuous streams, narrow belts, and 
gradient advantages of nearby floodbasine. 
Having established a number of narrow meander belts in this manner 
(for a given 6-m interval), the etream may select from these belts the 
future pattent of occupation and abandonment, Narrow belts were probably 
a one-time phenomenon for a given interval. Wide belts were reoccupied 
several times and gradually enlarged, The large number of narrow belts 
suggests difficulty in establishing a common point source, probably due 
to a thlck mud buildup, A shifting point source probably formed the 
narrow distributary belts, especially toward the end of the Hell Creek. 
Meander belts that have a relatively stable position for several 
6-m intervals may be bordered by thick sandy siltstone units or by thin 
sandy siltstone interbedded with finer floodbssln elastics (plates 2 and 
3). This development may alternate sides along the length of a belt. 
Sandy siltstone along narrow belts are more commonly the thin type 
rather than the thick type. Because the meander radius of streams in 
narrow belts ia only a few times greater than the belt width, much of 
the coarse overbsnk sediinent within the belt limits was likely removed 
by erosion during lateral migration of the channel. However, in areas 
farther from the channel and more toward the floodbaain, the natural 
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levee deposits are thinly bedded and repetitive (figures 40, 41, and 
43). The natural levee environment is sensitive to variations in 
overbank load and discharge. Deposition in swamps, marshes, or lakes 
is especially sensitive to the position of the channel in narrow belts 
{figure 25). These enviro11111enta are much affected by levee progradation. 
The delicate balance of swamp, marsh, lake, and natural levee environments 
along the channel margin is recorded in the thinly bedded, repetitive 
sequences of shale, lignite, and ssndy siltstone. 
These observations may be used to establish natural limits or 
boundaries of the various environments marginal to the meander belt. 
Thick sandy siltstone is generally very near the meander belt, thin 
units are farther, and repetitive sequences of shsle, lignite, and sandy 
siltstone are even farther. These relationships are useful in the field 
where meander belt patterns may not be known, 
The thinly bedded, repetitive sequences (figures 40 and 43) are 
related to belt stability. Belts that maintain position have a typical 
wedge of lenticular levee deposits that may slope gently toward and 
interfinger with the floodbasin, The reason for this appearance is 
related to gradual migration of the boundaries of the belt ln one 
consistent direction. For example, from sections E4 to E7 (plate 3) the 
strata are thinly bedded. F..xamination of plates 11 to 18 shows that 
belt E-135° gradually moved away from this area over several intervals. 
As it did, interbedded units extended their presence over a larger area 
and over more vertical section, or, in other words, the average position 
Figure 43 . View of Huff Member near section E2, plat e 3 (T . 15 N., 
R. 56 E., sec . 3, SE~) showing repetitive shale , lign it e , 
and sandy siltstone and adjacent sandstone units . No t e 
Cr e taceous-Ter tiary contact . 
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of the levee and floodbasin environments producing this sequence followed 
the movements of the belt. In the above example, the floodbasin deposits 
gradually prograded over the levee units. 
Shale and Lignite 
The general characteristics of shale and lignite units in the Ruff 
and Pretty Butte Members ~re discussed with those of the Bacon Creek. 
The shale was interpreted as floodbasin {lacustrlne) deposits and 
lignite ss swamp and marsh deposits. Several specific examples for the 
Ruff and Pretty Butte are discussed here. 
To explain how an interdiatributary floodbasin may have been 
created and fille.d, one channel and its meander belt are conaldered for 
interval I {plate 11). The belt position was likely inherited from a 
previous Bacon Creek belt, but was separated from it by a widespread 
{lacustrine) bentonitic shale. Splaying into a large floodbasln led to 
channel diversion and creation of the flrst channel and belt system in 
the Ruff. Upstream diversion caused abandonment of the belt and creation 
of another belt, which further divided the floodbasin. With time and 
subsidence, swamps and marshes developed in the interbelt floodbaalns 
and also in the abandoned belts. Each interbelt floodbasin recorded the 
character of flooding from the nearest channel. However, if flooding 
was repeatedly more widespread, thin shale was probably deposited over 
several interchannel areas simultaneously. 
Support for this floodbasin model is provided by lignite that is 
not only confined to interbelt areas, but also occurs overs large area 
1B6 
at breaks between 6-m intervals. If sandstone was the product of the 
active energy eystem for 6-m interval, shale and thin lignite were the 
products of the passive system. Some lignite (and shale) extended 
beyond the local interbelt areas, indicating that the low energy 
environment became widespread, possibly because the streams temporarily 
left and brought the srea to nearly the same level, 
The lignite st the boundaries of 6-m intervals also suggests a 
predominant cyclic pattern by which the streams left end then returned. 
If they had not done this, peat or clay would likely have continued to 
acctDDUlate to greater thickness (for example, the lignite at the base of 
the Ludlow), or more widespread lignite would have developed at less 
regular stratigraphic intervals. 
Thick, widespread shale was deposited in areas lacklng an active 
stream, This includes the typical bentonitic shale that occurs over 
many tens of kilometers. 
Bentonite marker beds uaed in regional correlation may partly 
represent ash falls into large lacustrine areas created by periodic 
abandonment of certain trunk belts durlng a major shift in locus of the 
trunk dispersal system, There appears to be many more local bentonite 
beds in the Huff than regional ones, suggesting thst many may simply be 
accumulations of colloidal bentonlte from floods over a period of 
time. The extent of shale or thick lignlte markers in the Huff and 
Pretty Butte suggests that the trunk stream (polnt source) may have 
temporarily shifted across the delta plaln many kilometers. It is a 
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process similar to the formation of a major delta lobe, abandonment, 
and building of another lobe over the first some t.lme later. Therefore, 
the extent of many markers ia probably many kilometers, which is the 
distance between active trunks encompassed by the interdistributary 
floodbasin (or bay). 
These larger floodbaains were probably formed from smaller flood-
basins that have become united due to subsidence of the entire area (in 
the absence of stream activity), An example of this process may be the 
thick bentonitic shale at the top of the Pretty Butte and the lowest 
persistent lignite at the base of the Ludlow (figure 44). (The lower-
most persistent lignite extends for about 80 km.) 
Ludlow Formation 
The basic lithologic units in the Ludlow are sandstone, sandy 
siltstone, shale, and lignite. In most respects, the lower Ludlow 
resembles the upper Hell Creek, except the fine-grained units appear 
more even-bedded and are more laterally persistent (figures 14, 40, 
41, and 44). The distribution of these lithologies (plates 19 to 24) 
is similar to those of meander belt and floodbasin systems in the 
upper Hell Creek. Some areas consist mostly of sandstone and others 
of sandy siltstone and shale. Sandstone forms about 20 to 60 percent 
of the Ludlow. Typical Ludlow exposures are shown in figures 12 to 14. 
In southwestern North Dakota, the Ludlow is about 160 m thick, 
of which about 73 m lies below the T-Cross lignite bed (Moore, 1976). 
Figur e 44 . View of t h i c k s ha l e i n Pret ty Bu tt e Member a n d 
r e pe ti tive s ha l e , ligni t e , a nd sand y s ilt s t o n e unit s 
i n Ludlow Fo r matio n n ear sec t i o n CC5 , pla t e 3 
(T . 15 N., R. 56 E., s ec . 7 , NW~). No t e Cr e tac e o us-
Te r t i a r y c ont ac t. 
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Correlation of the Ludlow Formation from western North Dakota to 
the Glendive area using geophysical logs indicates it is about 140 m 
thick, of which about 76 m occurs below the T-Cross lignite bed. In 
the study area, exposures are as much as 50 m thick (section GC8, plate 3), 
but they are commonly less than 30 m thick. These exposures are divided 
into eight intervals 5.5 to 6 m thick, The contact with the Hell Creek 
Formation is placed at the base of the lowest persistent lignite beds 
commonly present over the ares. 
The Ludlow is distinguished from the Hell Creek by the lack of 
dinosaur fossils and presence of Paleocene plant species, although 
the color, lithology, and bed geometry may be useful locally. 
In southwestern North Dakota, the depositional environments of 
the lower Ludlow included point bar, abandoned channel, natural levee; 
lake, swamp, and marsh (Hickey, 1973; Moore, 1976; and Rehbein, 1978). 
The general characteristics of the lower Ludlow at Glendive are similar 
to those in southwestern North Dakota. 
Sandstone 
Stratigraphy.~Individual sandstone units are 5 to 6 m thck. 
Stacked units (as thick ss four intervals) are about 22 m thick (section 
CC7, plate 3). The width of individual units is 150 to 1200 m. The 
latter figure represents narrow units that coalesced into wider units. 
In cross aecti~n. average width of a unit is about 300 to 600 m. 
i . 
! . 
The base is erosional and ~enerally flat in wider units to gently 
concave-upward in relatively narrow units. (figures 36 and 41). It 
generally overlies thin lignite. The upper contact is gradations! 
over a meter or so to sandy eiltatone and shale. The margins are 
generally gradational to sandy siltstone, shale, and lignite, Narrow 
sandstone units may show sharper, erosional margins (figure 41). 
Ludlow sandstone units are generally light olive gray (SY6/l), 
Yellow gray (5Y7/2) occurs in silty parts, olive gray in shaly parts, 
and shades of black in lignitic parts. The light color is basically 
due to the abundance of quartz and lack of dark volcanic rock fragments. 
The aandetone weathers to smooth, rounded profiles aa,ch like Huff 
sandstone, Small knolls are common •. Relief varies from steep cliffs 
to moderately sloped outcrops that may be easily traversed. The 
intense dissection observed in Huff sandstone is not as well developed 
in Ludlow units, although rilled end fluted exposures are common. 
Large concretions are present, but generally are not numerous 
enough to give Ludlow sandstone a heavily-cemented appearance. The 
concretions are typically isolated to disontinuous masses cemented by 
calcium carbonate. They typically occur near the base of individual 
units and possess large-scale cross strata. The largest concretions 
are tabular to elliptical, but elongate concretions are occasionally 
present. 
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Other concretionary forms include thin manganese-siderite 
concretionsry layers in thin-bedded sandstone. siltstone, and shale 
(figure 44), sand-sized and pebble-sized spherules of clay cemented by 
iron oxide. and thin calcium carbonate cemented layers outlining very-
large-scale cross strata, 
The lithification of Ludlow sandstone is s:1.uiilar to that in the 
Huff. A typical outcrop consists of weakly to moderately lithified, 
friable sandstone that may be excavated into large fragments with a pick 
and then disaggregated by hand. Very few expoaures consist of loose 
sand or highly lithified sandstone. A silt and clay matrix constitutes 
a few percent to 20 percent end is generally the only binding agent. 
The vertebrate fossil content of Ludlow sandstone appears to be 
low, but it is abundant to prolific in sandy siltstone. I collected 
crocodile, turtle, and gar fossils. 
Sedilllentology.--A typical 5- to 6-m sandstone consists of medium-to 
very-fine-grained sandstone. Fine sandstone of 2.2, to 2.3, size forms 
most of the deposit. Medium sizes are common near the base and very 
,fine sizes in the uppermost part. 
A single sandstone c01111110nly contains 7 to 15 percent silt and clay, 
increasing from base to top. Near the base, 7 percent silt and clay and 
1.80 to 2.0, median grain sizes are common; in the middle part, 10 to 12 
percent silt and clay and 1.80 to 2.40 sizes are common; and near the 
top, 14 to 16 percent silt snd clay and 2.60 to 2.80 sizes are common 
(figure 45), 
! 
Croes strata are the moat abundant sedimentary structure in Ludlow 
sandstone (figure 45). Most large-scale cross strata occur in the lower 
one-half to two-thirds of a typlcal interval. The pattern ls repeated 
in umltistory units, Upper-phase plane bed is common in the lower to 
middle parts and lower-phase plane bed is only common near the top. 
Small-scale cross strata are most often noted in the upper one-third of 
the unit. The ge01Detric and textural characteristics of these structures 
are comparable to units in the Hell Creek. 
The large-scale aeta are grouped, planar to slightly curved, 
convergent, truncating, and sharp (compare to figure 38). Planar 
(wedge) and curved (trough) types are commonly found together. Planar, 
parallel (tabular) sets were alao noted in section GC6 (plate 3), but 
they apparently are not as common aa in the Hell Creek. 
The large-scale seta are commonly 0.3 to 0.6 m thick. The 
thickness decreases from 1.5 m near the base to 0,07 m near the top. 
Sets are grouped in thlckneesee of a few meters in the lower part to a 
meter or lees in the upper part. 
The cross strata are generally high angle wlth dips of 16• to 26•; 
most dips are 17° to 24°. They are stralght (in planar sets) to gently 
concave and concave (ln curved sets). Lower boundarles ere largely tan-
gential. Laminae are graded and up to 2 cm thick. Foreset slopes may 
extend 2 to 3 m !n profile viewa of concave cross strata, but they 
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Except for small differences such sa the amount of curvature, these 
large-scale cross strata are s1m1lar to those in the Hell Creek. They 
are Interpreted as preserved foresets of fluvial dunes that formed on 
point bars. Paleocurrent measurements of the large-scale sets are 
parallel to the sandstone trend, 
Small-scale sets are the second most important structures. Indivi-
dual sets are a few centimeters thick. They are comn,on in sandstone 
with 12 to 25 percent silt and clay and 2.Sf or finer grain size, which 
occurs in the upper few meters of the typical sandstone. They may also 
occur in sandy sediment marginal to sandstone. 
The sets are grouped, gently curved, and have sharp, truncating 
lower surfaces (compare with figure 39). The cross strata are high to low 
angle and are sigmoidal to concave with a tangentlal lower contact. 
Small-scale cross strata are associated with very flne sand and con-
siderable silt and clay. They grade upward from large-scale sets below 
to flat and wavy stratification above. This pattern records an upward 
decrease in current strength typified by a gradation to ripple strati-
fication, lower phase flat stratification, and other low-energy, poorly 
sorted stratification. This sequence often develops over a vertlcal 
interval of a few tenths of a meter and commonly is bounded by shale 
partings. 
These small-scale cross strata are similar to those in the Hell 
Creek and are interpreted as deposits of slnuous to lunate rlpples 
formed on the middle to upper part of polnt bars, The paleocurrents are 





Very-large-scale sets of cross strata occur in the Ludlow (sections 
CC2 and GC, plate 3), but they are more difflcult to flnd ln narrow 
sandstone units, Some very-large-scale cross strata show nearly complete 
preservation of topset, foreset, and bottomaet portions and a set is 
comparable to that of a typical 5- to 6-m sandstone, The width of portions· 
showing maximum foreset dip is about 70 m. 
The cross strata typically dip about 7°, They are roughly sigmoidal. 
Upper parts of the set have flat to low dips, middle parts have maximum 
dips. 
The cross strata become thinner and more frequent upward ln the 
sandstone. A typical cross stratum thickness is generally a few tenths 
of a meter. They are thinner in flne grained sediment (upper bar) and 
thicker ln coarse grained sediment (lover bar). 
The very-large-scale cross strata are oriented at angles up to 45° 
from the axis of the sandstone unit (in sectlons showing maxlmum foreset 
dip). They dip toward the channel (flgure 41). 
These sets are slightly thlnner and narrower than most in the Hell 
Creek, but otherwise they are simllar. They are interpreted to be point 
bar deposits. 
Paleoflow Chsracter.--Ludlow sandstone shows a distributary dispersal 
pattern (plates 19 to 24). The Ludlow is similar to the Huff in that a 
number of smaller dlstributary belts converge into larger belts with 
time. The development of the wide-belt, multistory sandstone (figure 
36; section CC7, plate 3) parallels that for multistory units in the 
Huff, and the location is about the same, too. The meander belt trends 
are predominately southeasterly (plates 19 to 24). Criss-crossing of 
belts is common. 
Geometric ana textural data for sandstone units DC-135°, CC-140° 
(plates 2 and 3) and from several other units, provide the basis for 
paleoflow analysis of Ludlow streams (table 2, p. 252). Units DC-135° 
and CC-140° form conspicuous exposures along Cains Coulee and Dawson 
Coulee of the Makoahika State Park area (figures 12, 14, and 36). 
Based on the measured thickness of individual sandstone, the profile 
of abandoned channels (section DC6, plate 2), and the shape of very-
large-scale cross strata, the stream depositing unit DC-135° was shout 
100 m wide and 4.9 m deep. For unit CC-140° the stream was 110 m wide 
and 5.0 m deep. Compared to Hell Creek streams, Ludlow streams were 
slightly narrower and shallower, but the ratio of width to depth of 20 
to 22 is similar, The width to depth ratlo from equation 3 is 19 to 21, 
which suggests the values of Sc and Sb used to calculate Mare valid. 
The sediment load parameter, M, was 10.2 to 11.2. The channel 
sediment consisted of medium to fine sand of 1,60 to 2,Jf median size 
and 7 to 11 percent silt and clay, but 9 to 10 percent is most common. 
The bank sediment consisted of 2.4f to 2,70 sand and 23 percent silt 
and clay, These values are most similar to those of late Huff units. 
Sand formed about 5 to 6 percent of the total load, which is similar to 
that of the Huff. 
Stream sinuosity was 1,6 to 1,7. These values are similar to 
those of the Huff. 
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3 Mean annual discharge was 130 to 140 m /a, and mean annual flood waa 
3 
about 500 m /s. Thia follows the trend of lower discharge and mean 
annual flood from Hell Creek time to Ludlow time. It is largely because 
the stream channels were slightly narrower and shallower. 
Meander length was 1500 to 1600 m. Thia is similar to Huff streams 
of the same approximate sediment load parameter. 
Channel slope for Ludlow streams was 0.31 m/km. thls is a little 
greater than that for Huff streams but similar to that for Bacon Creek 
streams. 
2 The drainage area was about 13,000 to 15,000 km. The stream 
length was 380 to 400 km. Although the channel shape, sediment load, 
and discharge of Ludlow streams are only slightly different frQIII prede-
cessor streams in the Hell Creek, the size of the drainage basin and 
length of the stream appear to have decreased, The headwaters may 
have shifted to another area of S1Daller slze (possibly due to segmentlng 
of the volcanic source area by erosion) and slightly closer to the 
deposition basin, Petrographic evidence for Ludlow sandstone suggests 
this was possible. 
Sandy Siltstone 
Stratigraphy,--Sandy siltstone generally forms 10 percent or leas 
of Ludlow deposits. Locally, the amount may be considerably hlgher due 
to stacking of thick units. Most of the units border sandstone, They 
form lentlcular extensions into shale sequences. A wedge of sandy 
siltstone 2 to 4 m thlck may thln to l to 3 m toward floodbasln deposits. 
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Sandy siltstone is yellow gray, dusky yellow, and grayish yellow. 
sandy units form a massive appearing, poorly sorted deposit. Clayey 
units consist of siltstone and shale in thin, alternating dark yellow 
brown and olive gray (or purplish if cemented) beds (figure 44). 
The concretions and nodules are similar to types found in the Hell 
Creek. These include calcium carbonate concretions, jarosite nodules, 
and thin, laterally-extensive, manganosiderite layers (figure 44). 
Sandy siltstone may overlie thick sandstone units with which they 
are gradational. Most often they overlie thin lignite that forms part 
of shale sequences. Sandy siltstone units are overlain by shale. 
Sedimentology.~As a rule, sandy siltstone flanking the meander 
belt consists of many poorly sorted, thin beds with a relatively 
large amount of sand. With increasing distance (normal to the meander 
belt), the relative amount of silt and clay increases and the thin beds 
grade to laminations. 
Sandy siltstone becomes finer upward. In thick units with appreciable 
sand, this occurs in the uppermost part of the unit where the deposit is 
likely to consist of poorly sorted sandstone, siltstone, and shale. In 
thin units, this occurs either as a very gradual increase in the amount 
of clay, or as an increase in the number of thin beds or laminae of 
shale. 
Grain size decreases toward the floodbasin. In thick units, the 
change occurs by a decrease in the number of siltstone layers and 
increase in the number of shale layers. For this lateral change, the 
appearance of the unit changes from a thick, massive, yellow gray 
• 
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deposit to a repetitive sequence of thin shale, lignite, and sandy 
siltstone (figure 11; section CC4, plate 3), This repetitive sequence 
is 4.5 to 5.5 m thick. The cyclic patterns reflect the position of the 
floodbssln relstlve to the meander belt. In most cycles, shale grades 
to lignite that is sharply overlain by sandy siltstone (figures 40, 41, 
and 44). 
Flat lamination and rlpple lamination are the most c0111monly noted 
internal structures in sandy siltstone. Cross lamination and irregular 
lamination are often present in sandy parts. They consist of small-
scale, grouped, gently to irregular curved sets of low angle, gently 
concave to straight, tangential cross laminae. 
Sandy parts; in particular, contain fossils of roots, rootlets, 
tree stumps, leaves, stems, gar, crocodile, and turtle tha~ I have 
collected. The rootlets appear burled by successive layers of sediment. 
Lignltic matter is also present on bedding planes and may form a 
substantial part of sandy siltstone. It consists of flnely to crudely 
divided debrls and was probably carried in by floodwater, Debrls of 
fossil stumps is present in thick, sandy parts. 
Sandy siltstone in the Ludlow is similar to that in the Huff. 
Texture, primary sedimentary structures, and relationships to adjacent 
units indicate an overbank origin. Associated point bar sandstone and 
floodbasin shale suggests the sandy siltstone was deposited in upper 
polnt bar, natural levee, and upper floodbasln environments. The model 
of deposition ls slmilar to that shown on figures 25 and 30. 
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Shale and Lignite 
Stratigraphy.--Only a few areas between meander belts have thlck 
shale deposits. Most areas consist of interbedded shale, lignite, and 
sandy slltstone (figures 13, 40, 41, and 44). 
On an interval basis, one to three type B (figure 27) cycles may be 
present. For each cycle, shale and lignitic shale form about 20 percent 
of the cycle, lignite 10 percent, and sandy siltstone about 70 percent. 
Therefore, in an average cycle 4.6 m thick, there is 1 m of shale, 0.4 m 
of lignite, and 3 m of sandy siltstone (figure 44). A single cycle is 3 
to 5 m thick. If they are thinner than this, there are generally 
several cycles per interval. 
Thick shale units average 4 min thickness for a 5-m interval. In a 
few areas near sections CC3, GC5, GC6, and WP9 (plates 2 and 3), shale 
has accumulated over several intervals for a compounded thickness of 8 
to 13 m. These are generally type C (figure 27) cycles and they may 
contain thin (0.1 to 0,3 m) lignite, 
Except for the lowest persistent lignite at the base of the Ludlow, 
most lignite is 0.3 to 0,6 m thick. The lowermost lignite averages 
0.6 min thickness, but it varies from 0.1 to 1,5 m. 
Shale is generally olive gray (5Y3/2). Ins cyclic sequence of 
silty, bentonitlc, and lignitic shale, typical colors are yellow gray 
near the base, olive gray to light olive gray in the middle, and pale 
brown at the top. Lignite is typically pale brown, brownish black, or 
black, depending on the purity of the coal. 
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Shale units are generally firmly consolidated and form steep, 
badlands slopes. Thick shale may also weather to soft, clayey, smooth 
slopes. Lignite may be powdery, papery, fissile, or blocky to 
splintery. 
Thin concretionary layers are common. They consist of shale 
cemented by manganese and eiderite. 
Shale commonly grades up to lignitic shale and lignite. Lignite 
may be sharply overlain by sandstone, sandy siltstone, or more shale. 
Laterally, shale grades to and ia interbedded with sandy siltstone. In 
a few cases, shale sharply abuts sandstone, 
Sedlmentology.~Shale unite formlng part of cyclic sequences are 
typically silty at the base, bentonitic in the middle, and lignitic at 
the top, The base is gradations! with underlying siltstone and the top 
is gradational to lignite. These characteristics are similar to those 
of the Bacon Creek and Huff. Silty shale may consist of as much as 35 
to 50 percent sllt. Sand is nots common constituent (although it is 
noted in parts of some thick units). Silty shale ia laminated but the 
laminations ere often difficult to detect, especially as the S111ount of 
silt decreases. Therefore, bentonitic end lignitic shale appear not 
to have laminations. Very silty shale (or ehaly siltstone) contains 
rootlets that vertically transect the laminations. Macerated plant 
materiel, plant fragments, end fossil leaves and staus are commonly 
found on the bedding planes, 
• 
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Bentonitic shale is present, but usually the 11.1110unt of bentonite is 
1ow. There are few beds of bentonite compared to the Hell Creek. 
Thick shale often contains thin lignitic shale and lignite beds, 
Most of these beds appear confined to select areas between meander 
belts, but they may extend beyond the boundaries of the interdistributary 
floodbasins, Small, broken, silicified stumps are occasionally present. 
The lowest lignite in the Ludlow extends beyond the study area 
whereas moat other lignite probably does not. The basal lignite suggests 
the absence of streams in the ares for a period during which a vast 
swamp and marsh formed. Plates 19 to 24 show that streSlllll were generally 
present before and after deposition of this basal lignite. The exact 
cause of the large shift in the point source for this period of thick 
peat accumulation is not known. Based on the extent of the basal lignite, 
the shift may have been to an area tens to hundreds of kilometers away. 
Shale and lignite units are interpreted to be deposited in flood-
basin, lake, swamp, and marsh environments. Sandstone and siltstone 
that enclose shale and lignite were deposited in point bar and natural 
levee environments. An orderly change in progression of environments 
across a given area is indicated by the dominant type B repetitive 
sequences. Inspection of plates 19 to 24 show that, for a given distrib-
utary meander belt in a given interval, the influence of the stream on 
nearby floodbasins is controlled by repeated belt establishment and 
abandonment. The type B cycles indicate a relatively fast turnover of 
environments. This is because most of the interdistributary floodbasins 




Fifty-one sandstone thin-sections were studied. Forty-five thin-
sections are loose grain mounts (table 1), and the remainder are rock 
chip mounts. Moat of the samples consist of fine- to medium- grained 
sandstone. 
Most are litharenites (figure 46) in the classification of 
Folk (1968) and 11thic graywackes 1n the system of Pettijohn (1957). 
Rock fragments form most of the sandstone and the matrix is less than 15 
percent. In Folk's system, the accessory minerals, clay matrix, micas, 
and cement are included in grain counts but omitted in the assignment of 
relative percentages of basic components to the poles. The litharenite 
clan is subdivided by a trilinesr plot based on relative percentages of 
volcanic (VRF), sedimentary (SRF), and metamorphic (MRF) rock fragments 
recalculated to 100 percent. The sedaren1te clan is subdivided into a 
trilinear plot of carbonate (CR), chert (CRR), and shale (SH) fragments. 
Colgate Member 
The two samples studied are cherty quartzose litharenites (possibly 
quartzose arenite). Quartz forms 55 to 75 percent of the sandstone and 
consists of mostly clear, single grains with straight to slightly 




Table 1. Characteristics of Fox Hills, Hell Creek, and Ludlow sandstone 
samples classified in figure 46. 
Thin-section Designation Mean Grain % Silt 
number1 on Figure 46 size 'so in sample 
., 
Colgate Member .... .... .... 
:i: £ SC4-l 1 3.01 90.5 




YS-2 3 1. 71 90.8 
Marmarth Member 
Y2K* 4 1.81 94.0 
SCl-1* 5 1.73 96.l 
YlO-B 6 2,18 94.1 
DC3-l 1 1.49 94.6 
Bacon Creek 
Member 
WP8-l 8 1. 75 97.7 
CC6-2 9 2.04 91.6 
PR5-l 10 1.80 93.4 
a El0-1 11 1. 73 95.6 ~ ... WP7-4 12 2.48 91.6 ., 
E3-l 13 1.97 88.1 ., 
k YS-5* 14 2.03 89.4 u 
.... .... Huff Member ~ 
CCl-5* 15 2.33 92.7 
CC6-8 16 2.57 86,4 
CC6-4 17 2.14 92,4 
El-16* 18 2.83 82.3 
El-39* 19 2,50 86.2 
E2-9* 20 2.26 90.2 
E3-8* 21 2.41 93.8 
E6-6 22 2.38 92.9 
PR3-l* 23 - 82.4 
PIU-1 24 2,23 89 .5 
WP2-l 25 2.43 84.5 
1 Location of sample shown on plates 2 and 3. 
*Detailed grain count. 
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Table !.--Continued 
Thin-section Designation Mean Grain % Sand 
numberl on Figure 46 size 050 in sample 
Huff Member 
GC5-l 26 2.45 87.6 
GC2-l 27 - -
£ 
GC4-1 28 2.62 91.8 
GC3-l 29 2.09 89.5 
.:< DCl-3 30 2.85 71,9 ;; 
;; DC2-3 31 2.04 87.8 ... 
u WPll-1 32 2.53 85.6 ... WP8-4 33 2.49 84.6 ... 
;; PR2-l 34 1,79 90.7 :,: 
DC8-l 35 1.84 92,8 
E3-19 36 2.21 91.3 
WP14-3* 37 2.38 87.1 
a DC5-3 38 l. 71 93.3 ... GC4-6 39 3.21 75,6 
~ E6-21* 40 2.32 89,8 ... E4-7* 41 2. 77 85.5 "ti 
" CCl-8 42 1.80 92.0 ..:I 
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COLGATE - I to 2 Q 
LITTLE BEAVER CREEK-3 
MARMARTH-4 to 7 
BACON CREEK-8 to 14 
HUFF-15 to37 
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Figure 46. Composition of Colgate, Hell Creek, and Ludlow sandstone in 
the Glendive area, Montana (classification after Folk, 1968). 
Samples are listed in table 1 and shown on plates 2 and 3. 
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similar extinction. The singie grains appear broken from composite 
grains. Although a few vacuoles are present, deformation is generally 
indicated by strain shadows. Sericitizatlon along grain boundaries 
appears as brownish overgrowths. The grains are subrounded (0.3 to 
0.5); sphericity is moderate (0.5 to 0.7) (Pettijohn, 1957, p. 54-59). 
Calcite, zircon, and sphene are common accessory minerals. 
Feldspar grains form up to a few percent of the sandstone and 
consist of single grains of albite and oligoclase (An15). Chlorite, 
sericite, and 111Uscovite alteration occurs ss a brownish haze slong grain 
boundaries. 
Rock fragments form as much as 45 percent of the sandstone. There 
is an abundance of chert as suggested by devitrified, blackish fragments. 
However, these fragments appear similar to altered volcanic fragments. 
Freeh chert fragments are greenish to brownish. Volcanic fragments are 
gray, blsck and brown, to.slightly green. Chert fragments are sub-
rounded (0.5 to 0,6); sphericity is moderate (0.7). Volcanic fragments 
are subrounded (0.4 to 0.5); sphericlty is moderate (0.6). Minor minerals 
include muscovite, biotite, diopaide, hornblende, sphene, zircon, 
apatite, hematite, limonlte, and calcite. Biotite occurs as curved 
flakes that are generally pleochroic brown to green. 
Alteration to microcystalline, curved to fibrous clusters of very-
fine-grained chlorite occurs along fragment boundaries in most samples. 
There appears to be 111UCh diagenetic alteration to chlorite, sericlte, 
and chert in Colgate sandstone. 
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Little Beaver Creek and Marmarth Members 
Three thin-sections are rhyodacite to quartz latite litharenites 
and one is a chert litharenite. Quartz forms 35 to 55 percent of the 
sandstone and consists of one-half clear single gralns vith slightly to 
strongly undulose extinction and one-half clear, composite, strongly 
undulose grains. The quartz is heavily cracked and strained and euggests 
a cataclastic origin, Stretched grains wf.th eutured contacts are common 
in the composite quartz and suggest a lllll!tamorphic origin. Grains are 
subrounded (0.3 to 0.5); sphericity is moderate to high (0.6 to 0.8). 
Feldspar forms 2 to 5 percent of the sandstone and consists of 
plagioclase crystals. Volcanic fragments form 60 to 75 percent and 
chert 25 to 40 percent of the sandstone in four of the five samples. 
Chert and shale in equal amounta and a few slate to phyllite fragments 
form one-fifth of sample DC3-1 (figure 46), The volcanic rock fragments 
are green to brown and are well preserved except for some sericitization. 
The volcanic fragments consist of alblte and oligoclase laths in a 
siliceous, aphanitic to microlitic groundmass. Mafic inclusions are 
rare. The volcanic fragments are eubrounded (0.3 to 0.5); sphericity is 
moderate (0.5 to 0.7). Chert fragments are more equant (0.5 to 0.8) and 
a little better rounded (0.3 to 0.8) than most other grains. This 
suggests they were possibly derived from s reworked sedimentary source. 
The shale fragments are slightly green to brown, opaque, and rounded 
(0.7). Slate and phyllite (some schist) fragments are also present and 
suggest a low-rank metamorphic source. 
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Common alteration minerals in Little Beaver Creek and Marmarth 
sandstone include serlcite and hematite. Accessory minerals include 
zircon, tourmaline, and magnetite. 
Bacon Creek Member 
Of the seven samples studied, five are rhyodacite to andeaite 
litharenites, one is a chert to shale litharenite, and one is a carbonate 
litharenite, Quartz forms 10 to 50 percent of the sandstone and consists 
mostly of large, clear, single to composite grains. Single grains have 
straight to slight undulose extinction and composite grains have straight, 
slightly undulose, and strongly undulose extinction. Abundant stretched 
grains ere present suggesting metaquartzite. Also, volcanic quartz with 
diagnostic embayments is present in thin-section YS-5 (figure 46), The 
quartz grains are subrounded to rounded (0.3 to 0.9, average 0.5) and 
equant (0.7 to 0,9). A few overgrowths are present. Calcite grains 
occur with quartz in sample E3-l (figure 46). 
Feldspar forms l to 5 percent of the sandstone and consists of 
mostly alblte and oligoclase. Pericline is present in sample PRS-1 
(figure 46), The grains are large, euhedral to subhedral, and clear. 
Smaller grains may be heavily sericitized. The crystals suggest a 
volcanic origin. 
Rock fragments form 45 to 90 percent of the sandstone, Volcanic 
fragments dominate in most of the samples (except E3-1). They consist 
of albite and oligoclase laths (An15_22) in a very finely granular to 
aphanitic groundmass of a composition slmilar to the laths, hut with 
many more mafic minerals than are present in underlying members. The 
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grains are subrounded to slightly rounded (0.5 to 0.7); spherlclty is 
hlgh {0.7 to 0.9). 
The sedimentary rock fragments consist of !IIOStly chert in all but two 
samples, one with carbonate and one with shale, Clastic calcite fragments 
are abundant in sample E3-l after a notable absence in previous sandstone. 
Authigenlc calcite occurs as a cement in samples where elastic calcite 
is abundant. Chert is cOllllllOnly associated with the calcite grains, but 
the chert fragments are subrounded to rounded {0.5 to 0.7) and the 
carbonate fragments are angular to aubrounded (O.l to 0.4), suggesting 
different origins for the two. The shale fragments are aubrounded to 
slightly rounded (0.5 to 0.7). 
The met11111orphic rock fragments are not abundant and usually consist 
of slate, phyllite, and schist. {Metamorphic quartz, included in Q-
pole, is abundant end contained in fragments of granular quartz, mica, 
magnetite, and hornblende.) Sericite, magnetite, and hematite altera-
tion is present. Most of the MRFs suggest a low rank metamorphic 
source. The metamorphic quartz and other low grade metamorphic rock 
fragments were probably derived from metamorphosed sandstone and shale, 
Alteration minerals cOllllllOnly present in the Bacon Creek samples 
include sericite, magnetite, hematite, and epidote. Accessory minerals 
include muscovite, sericlte, hematite, hornblende, epldote, and altered 




Of the Huff samples, there are seven volcanic (rhyodscite to 
andeslte) litharenites and three sedarenltes (chert to carbonate). 
Quartz forms 30 to 65 percent of Huff sandstone. It occurs as single 
and composlte gralns with straight to slightly undulose and, most 
commonly, strongly undulose extinction. In general, the gralne vary 
frO!ll clear and vacuole-free to heavily eericitized. A strained, cracked, 
mosaic appearance is common, and deformation lamellae are present. The 
CO!llposite (mosaic) grains of metamorphic quartz shov suturing and strong 
strain shadows. Cataclastic actlvity is evident from the broken grains. 
The grains are mostly subangular to subrounded (average 0.4); sphericity 
1a moderate (average 0.5). Sericlte and anhedral hematite are two 
common alteration minerals. 
Plag1oclase feldspars (An
0
-An38) form as much as 8 percent of the 
sandstone. They are more abundant than in other Hell Creek sandstone. 
Albite, oligoc!ase, and andesine crystals are present; oligoclase ls 
most abundant, and in sample E6-6 (figure 46), it is zoned, suggesting a 
volcanic origin, Pericline is present in sample wPll-1 (figure 46). 
Plagioclase grains very from very fresh and clear to heavily eericltized 
and epldotized (black to green). The fresh grains are more abundant 
than in other members. The grains are subangular to subrounded (0.1 to 
0.5); ephericity is moderate (averages 0.5). 
Rock fragments form 35 to 70 percent of the sandstone. Volcanic 
rock fragments are the 1110st abundant type (JO to 70 percent) and conslst 
of randomly oriented to flow-oriented alblte, oligoclase, and andeslne 
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laths in a light green-brovn to gray-brovn, aphanitic to microlitic and 
granular groundmass. The groundmass varies from light and siliceous to 
dark and maflc (hornblende, magnetite, muscovite). The fragments probably 
consist of rhyodacite or andesite. They are subrounded (0.3 to 0.5); 
spherielty is moderate (0.5 to 0,7). Epidote, sericite, and magnetite 
alteration give the fragments a black appearance. 
The sedimentary rock fragments form 25 to 70 percent of the rock 
fragments. Typically, they are less abundant than VRFs but may be 
subequal. Large amounts of SRFs are present in the south-trending 
sandstone complex near sections WP2 and DC2 (plates 11 to 18), although 
this is not typical. It is mostly due to an influx of carbonate rock 
fragments. 
Chert la generally the most abundant type of sedimentary rock 
fragment in amounts of 75 to 100 percent (except for the above examples 
involving carbonate). The fragments vary from clear and fresh to brown, 
black, and altered. Some chert fragments appear similar to metamorphic 
quartz, with which it may form a gradational series (including devitri-
fled VRFs. The fragments are angular to subrounded (average 0.4 to 0.5, 
range 0.2 to 0.7); spher!clty is moderate to high (0.6 to 0.8). Acces-
sory minerals include calcite and muscovite. 
Shale fragments may form as much as 35 percent of the sedimentary 
rock fragments. Because they are soft, the grains are a little better 
rounded, although some have ragged edges. Claatic carbonate (calcite) 
fragments form a eignlflcant fraction (as much as 80 percent) in a few 
south-trending unite. The fragments are subangular to subrounded. 
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Quartz and chert are commonly associated with the calcite. 
Metamorphlc rock fragments are present in amounts of a few percent 
to 20 percent in a few east-trending sandstone units (90° to 110°, plates 
ll to 18). The fragments include slate and schist; most appear lov 
grade. Metaqusrtzite is also commonly present in these fragments. 
In general, the accessory minerals are s:imilsr and include blotite, 
magnetite, hematite, and trace amounts of hornblende, calcite, zircon, 
tourmaline, topaz, hypersthene, enstatite, rutile, diopside, epidote, 
and garnet. Typical alteration minerals include serlcite, epidote, 
hematite, and magnetite. 
Ludlow Formation 
Of the Ludlow samples, there are tvo rhyodacite to sndesite lith-
arenites and three chert srenites. Quartz forms 40 to 75 percent of the 
sandstone and typically is greater than 50 percent. This is a signifi-
cant increase compared to most Huff sandstone, although it is similar to 
Colgate sandstone. The quartz consists of single grains with straight 
to slightly undulose extinction and composite grains vlth slightly to 
strongly undulose extinction. Large amounts of strained metaqusrtzite, 
especially in a few easterly units (so• to 110°, plates 11 to 18} 
indicate st least a partial source from metamorphosed quartz sandstone. 
The quartz grains are subrounded (0.3 to 0.5); sphericity is moderate 
(average 0.7). Magnetite, hornblende, end muscovite commonly occur with 
the quartz. 
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Plagioclase feldspars form about 3 percent of sandstone, except in 
sample E6-21 (figure 46) where 20 percent is present. Moat appear to 
have a volcanic orlgin. Albite and oligoclase crystals are most common, 
but the amounts of andesine (An57), bytownite, and labradorite appear to 
have increased. Some pericline is also present. The feldspar grains 
are subrounded, Magnetite is a common accessory mineral. Sericite, 
hematite, snd epidote are common alteration minerals that give the 
grains a heavily altered, black to brown appearance. 
Rock fragments form 25 to 50 percent of the sandstone. Volcanic 
rock fragments are dominant in two samples and subequal to chert in two 
others. The VRFs form 30 to 70 percent of the rock fragments. They 
consist of blackish fragments with plagioclase phenocrysts and laths in 
an aphanitic to microlitic groundmass of the same composition. The 
original rock type was probably rhyodacite or andesite. Randomly 
oriented glass shards are also present. The volcanic fragments are 
mostly subrounded (0.3 to 0.7); sphericlty la variable (0.3 to 0.8). 
Hematite and magnetite are common alteration minerals. 
Sedimentary rock fragments are notably abundant ln three samples. 
Chert is the basic SRF, but shale and carbonate fragments may form up to 
40 percent of the SRFs. The chert fragmenta vary from clear and freah 
to heavily sericith:ed, and a fl'!lil appear gradational to quartz. The 
fragments are subrounded (0,3 to 0,5); sphericlty is moderate (0.7). 
Shale fragments are significant in sample DC4-5 (flgure 46). The gralns 
are dark colored and appear to contain organic matter. Clastic calcite 
grains are abundant in sample E4-7 (flgure 46), which is from a south-
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trending sandstone. 
Metamorph!c rock fragments may form as l!lUCh as 5 percent of the 
rock fragments, except in slll!lple E6-21 (figure 46), where the amount is 
about 40 percent and mostly due to abundant schist fragments. Slate and 
schist fragments are the most abundant metamorphic rock fragments. The 
accessory minerals include magnetite, biotite, hemat!te, muscovite, and 
garnet, Trace amounts of augite, diopside, hypersthene, enstatite, 
hornblende, tremolite, tourmaline, zircon, and calcite are also present. 
In general, the alteration minerals in Ludlow sandstone include 
eericite, magnetite, hematite, and ep1dote. They occur as overgrowths 
or as a diagenetic haze on grains and rock fragments. 
Discussion 
Paleohydrologic data established that the average stream length for 
the Glendive area from Colgate to Ludlow tlme was about 450 km, The 
length decreased with time, Paleotrends established that the streams 
flowed mostly east, but locally ranged from northeast to south. 
Petrographic evidence indicates a dominant volcanic source during Hell 
Creek time, Thia source was mixed with sedimentary and metamorph!c 
sources, especially late in Hell Creek time. These data suggest a 
western source area in the Rocky Mountains probably between the Br!dger, 
Beartooth, and Gallatin Ranges and the Elkhorn Mountains (figure 2), 
The dominant source area was probably the Elkhorn Mountains vol-
canic field south of Helena. The Elkhorn Mountains volcanic field was a 
thick, plateau-to-shield-like pile 3000 to 4600 m thick that covered 
2 about 7900 km adjacent to the Boulder Batholith (Smedes, 1966), 
~--
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The stratigraphy of the Elkhorn Mountains consists of thick, Late 
Cretaceous volcanic rocks overlying Upper Paleozoic and Mesozoic sedi-
mentary and low grade metamorphic rocks (Smedes, 1966), The volcanic 
rocks are nonmsrine and consist of pyroclastic, epiclastlc, and auto-
brecciated deposits of quartz, latite, rhyodaclte, andesite, and basalt; 
tuffs of rhyolitic ash; and tuffe of water-laid deposits. Merine and 
nonmerine sedimentary rocks underlie the volcanic rocks and range in age 
from Mississippian to Late Cretaceous (figure 3). 
The present stratigraphy of the Elkhorns suggests the section 
probably exposed during the Late Cretaceous consisted of potential 
source rocka (flgure 3). The rocks consist of (top to base) (1) silt-
stone {30 m) of the Colorado Group, (2) cherty, feldepathic sandstone 
(180 m), and feldspathic sandstone, siltstone, and 111Udstone (65 m), 
(3) cherty sandstone, siltstone, and limestone of the Kootenai (165 m), 
and (4) Jurassic Morrison and Swift sandstone, cherty sandstone, shale, 
and limestone (up to 260 m). 
The sedimentary history of this area from Niobrara to Horsethief 
(early Hell Creek) time is dominated by deposition of the Elkhorn 
Mountain Volcanics beginning after Niobrara time (Smedes, 1966). 
Deposition was completed and significant erosion had begun by Horsethief 
time, This interval encompasses Eagle, Claggett, and Judith River time 
(Campanian Stage, from 82 to 71 myr). Emplacement of the associated 
Boulder Batholith is dated at 72 myr by Smedes (1966) and 77 to 69 myr by 
Roberts (1972). For comparison, Smedes noted that the age of the 
Cretaceous and Tertiary boundary reported by other workers ranged from 
~~: -- :. 
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70 myr to 63 myr. Roberta (1972) dated the boundary at 63 myr. Frye 
(1967) dated the boundary at 68t 2 myr in western North Dakota and 
eastern Montana. 
In the Elkhorn area, the Cretaceous sea advanced and retreated to 
form the Colorado Group consisting of marine and nonmarine sandstone, 
siltstone, and shale, that included rock and crystal fragments of distant 
volcanic eruptions. During Niobrara time, the volcanic activity in-
creased. Tuff end shallow marlne sediment of the Slim Sam Formation was 
deposited. Late in Slim Sam time (Niobrara age), faulting and foldlng 
intensified and outpourings of volcanic detritus, lava, and ash accumu-
lated to form a thick volcanic pile. 
The pile is divided into three units (Smedes, 1966). The lower 
unit consists of rock fragments of rhyodacitic ash flows, rhyodacite, and 
basalt that vas deposited on,a broad, shield-like area. The middle unit 
consists of various volcanic rocks, including ash flows and differen-
tiates of rhyolite and quartz latite. Deposition of the middle unit was 
cyclic and accompanied by gentle folding and faulting. The upper unit 
consists of tuff and water-laid strata. Deposition occurred while 
volcanism was diminishing and faulting was increasing·, which led to a 
breakup of the volcanic plateau. The main orogenic event (Laramide) 
resulted in emplacement of the Boulder Batholith in four stages, be-
ginning 72 to 77 myr ago, and ending no later than 50 myr ago (Smedes, 
1972). 
The history of the nearby Crazy Mountains Basin (Roberta, 1972) 
roughly parallels the events of the Elkhorn complex. The Crazy Moun-
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tslns Basin received large amounts of volcanic detritus from the Elk-
horns and the Livingston Group was deposited. The upper part of the 
Livingston Group forms the westward facies of the Hell Creek Formation 
(figure 3). Uplift in the Livingston ares began about Eagle time and 
exposed rocks as old as Hissleelppisn. It was accompanied by down-
warping of the Crazy Mountains Basin. 
The stratigraphy and petrology of the Livingston Group strongly 
reflects the influence of the Elkhorn Volcanics. The lower part of the 
Livingston consists of the Cokedale Formation. The upper part consists 
of the Miner Creek, Billman Creek, and Hoppers Formations, which are 
equivalent to the lower, middle, and upper Hell Creek of central Montana. 
The Cokedale ls 470 m thick and consists of 50 percent tuffaceous 
siltstone and 30 percent fluvlal sandstone containing dinosaur fossils. 
It grades eastward to the Judith River Formation (part) that contains 
much sndesitic detritus. It overlies the regressive Eagle Sandstone 
that also contains much volcanic sediment derived from the Elkhorns. 
The Miners Creek Formation is 410 m thick and conslats of nonmarine 
and marine tuffaceous siltstone, sandstone, and some conglomerate. The 
basal sandstone (Sulphur Flats) is equivalent to the Lennep (Fox Hilla) 
sandstone and consists of mostly quartz, and lesser amounts of volcanic 
rock fragments, andesine, potassium feldspar, biotite, augite, and 
magnetite, The upper part of the Miners Creek is nonmarine and contains 
abundant volcanic fragments (devitrified glass and andesite), chert, and 
volcanic plagioclase. The quartz and potassium feldspar content is low. 
Magnetite, augite, and hematite are abundant. 
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The Billman Creek Formation is 790 m thick and consi.sts of 65 
percent tuffaceous 11111dstone and claystone and lesser amounts of sand-
stone, siltstone, and conglomerate. About 25 percent of the Billman is 
channel sandstone conslsting of volcanic (andesitic) rock frag111ents, 
andesine, augite, hornblende, magnetite, biotite, and quartz. Andesite 
rock fragments form 20 to 80 percent of the sandstone, feldspar 3 to 17 
percent, and quartz less than 10 percent. 
The Hoppers Formation is 295 m thick and consists of 65 percent 
nonmarine sandstone, 25 percent marine mudstone, and 15 percent brackish 
siltstone. The sandstone is largely cross-bedded channel fill and 
consists of 20 to 35 percent rock fragments (andesite, chert, quartz-
ite), 10 to 22 percent andesine, and 7 to 12 percent undulose quartz, 
Augite and magnetite are common, 
The Fort Union Formation overlies the Hoppers. In the Livingston 
area, the Fort Union is Late Cretaceous to Paleocene in age. It is 
2020 m thick snd consists of alternating, cross-bedded, conglomeritic 
sandstone and mudstone deposited on alluvial plalns near sea level. The 
conglomerate reflects uplift of the Gallatin, Bridger, and Beartooth 
Ranges that exposed Precambrian, Paleozoic, and Mesozoic rocks yielding 
igneous, metamorphic, and sedimentary rock fragments to the Crazy 
Mountains Basin. 
Sedimentary and volcanic rocks in the Elkhorn Mountains complex 
potentially could have provided most of the rock types present in 
Colgate, Hell Creek and Ludlow sandstones, The potential sequence of 
detritus yield--mostly volcanic first, then sedimentary and metamorphlc~ 
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is present in the Elkhorn section. The increase in sedimentary and 
metamorphic fragments in the Huff Member may also be partly due to an 
increased yield from the Bridger, Beartooth, and Gallatin uplifts. 
The detritus shed to Colgate streams was largely quartz (of quartz-
ite and metaquartzite origin) and chert. Volcanic fragments are not as 
abundant as they are later. From the Little Beaver Creek to the end of 
the Hell Creek, especially during Marmarth and Bacon Creek time, vol-
canic fragments form a considerable part of the sandstone. By Huff time, 
the sedimentary and metamorphic rock fragments are abundant. This 
sequence probably correlates with initial erosion of the thick volcanic 
pile and downcutting into underlying Paleozoic and Mesozoic sedimentary 
and low-grade metamorphic ~ocka. Uplifted Precambrian, Paleozoic, and 
Mesozoic strata in the Livingston area probably contributed to the 
increased yield of sedimentary and metamorphic rock fragments. 
The Cretaceous and Jurassic section may have yielded lllOSt of the 
quartz (and metaquartzite), chert, shale, and other non-volcanic, 
fragments present in the Colgate and Hell Creek. Additional quartz and 
chert was probably available from Permian quartzite and chert beds {30 m), 
and Pennsylvanian quartzite and lime-stone {120 m). The pulses of 
elastic carbonate fragments present in the Hell Creek may have partly 
originated in underlying carbonate strata of the Madison Group. The 
amounts of metamorphic quartz and chert increased into Ludlow time, as 
did the amount of feldspar. This suggests a decreasing influence of the 
volcanic deposits and increasing influence of sedimentary and some 
·,.,,., .... 
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(schistose) metamorphic deposits. The variety of accessory mlnerals is 
greater in the Ludlow and suggests metamorphic rocks of higher grade. 
The gradual addition of drainages from source areas in the Bridger. 
Beartooth, and Gallatin uplifts may have caused the above trends, 
Hell Creek sandstone contains plagioclsse feldspars snd volcanic 
rock fragments that are very similar to those described by Smedes (1966) 
for the Elkhorn area. Albite, oligoclase, snd sndesine gralns were 
described as abundant snd rock fragments consisted of rhyodacite (quartz 
latite) snd andesite (based on composition of phenocrysts and laths of 
plagioclase in a groundmaas of the same). The zoned plagioclsse and 
embayed quartz in the Hell Creek further suggest a volanic source. 
Cataclastic quartz is common and suggests a period of intense deformation 
in the source area, which agrees with Smedes' description of similar 
rocks in the Slim Sam Formation, 
Most of the sandstone in the Colgate, Hell Creek, and lover Ludlow 
is mineralogically submature, based on the large amount of unstable 
volcanic grains. It is texturally immature to submature, based on the 
percentage of sllt and clay and the low degree of sorting. A relatively 
short distance of transport is suggested by the consistent stream length 
of 450 km. This agrees vlth the interpretation of environments of 
deposition which consisted of alluvial and deltaic plains located 
between the foothills of the Rockies and a retreating Fox Hills sea. 
Tvo further speculations possibly related to the relationship 
between source area and depositional basin are (1) the present day 
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Yellowstone River may have its ancestors dating to the Late Cretaceous 
(Taylor, 1965), and (2) the mineralogical composltion of sandstone ln 
overlying Tongue River and Sentinel Butte strata may reflect unrooflng 
of the Boulder Batholith (Jacob, 1975). 
Ancestral streams brlnging detrltus to the Williston Basln probably 
originated in the Elkhorn to Beartooth area, Additional regional study 
of sandstone petrology in the Hell Creek and Ludlow (Tullock) strata are 
needed to firmly establish this relationship. A logical start for such 
study should consist of determining the depositional framework of other 
selected areas nearer to and farther from the likely source. 
A little data on the composition of Colgate, Hell Creek, and Tullock 
sandstone in southwestern North Dakota is provided by Frye (1967), Using 
the sandstone classlfication system of Pettijohn (1957), Frye descrlbed 
several Colgate, Hell Creek, and Ludlow (Tullock) sandstone thin-sections 
as tuffsceous lithic graywackes to tuffaceous lithic subgraywackes. The 
basic difference between the two is mostly in the amount of silt and 
clay matrix. Reclassifying the documented components (Frye, 1967) in 
those thin-sectlons using Folk's (1968) system and comp·aring them to 
this study, indicates some similarities and some differences. 
A Colgate lithic graywacke (volcanic arenite) from Slope County, 
North Dakota consisted of about 15 percent quartz, 23 percent feldspar, 
and 62 percent rock fragments (chert and volcanic), Compared to Colgate 
sandstone at Glendive, the percentage of quartz is very low and the 
percentages of feldspar and rock fragments are very high. The feldspars 
conslsted of one-third potassium feldspars and two-thirds plagloclase, 
22, 
A Marmarth subgraywacke (volcanic arenite) frOt11 Slope County, North 
Dakota consisted of 7 percent quartz, 21 percent feldspar, and 72 
percent rock fragments, Compared to Marmarth sandstone at Glendive, the 
percentage of quartz ia very low and feldspar very h!gh, The feldspars 
consisted of one-third potassium feldspar and two-thirds plagioclase 
(oligoclase, andesine, and labradorite). Based on the amounts of quartz 
and rock fragllli!nts, this sample is moat similar to Bacon Creek sand-
stone. 
A Bacon Creek subgraywacke (feldepathic volcanic erenite) from 
Garfield County, Montana consisted of 25 percent quartz, 25 percent 
feldspar, and 50 percent rock fragments (chert and volcanic). Compared 
to Bacon Creek sandstone at Glendive, the feldspar content is very high. 
The plagioclase consisted of oligoclase to andeaine. 
A Huff subgraywacke (chert arenite) from Morton County, North 
Dakota consisted of 6 percent quartz and 94 percent rock fragments (two-
thirds chert and one-third volcanic). Compared to the Huff at Glendive, 
the percentage of quartz is very low and percent rock fragllli!nte very 
high. 
Three Tullock (Ludlow) eubgrayvackee to lithic grayvacke from Slope 
County, North Dakota consiated of 2 to 17 percent quartz, 17 to 25 
percent feldspar, and 49 to 73 percent rock fragments (chert and vol-
canic). Most of the feldspars consisted of potassium feldspars and the 
remainder of oligoclase, andesine, and labradorite. Compared to the 
Ludlow at Glendive, the percentage of quartz is very low and rock 
fragments slightly high, 
.. '"·,,;.·.;. 
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The above comparisons Indicate Frye's (1967) descriptions are 
consistently low in quartz and high in feldspars, especially potassium 
feldspar. Additional atudy of sandstone in these strata is needed to 
detet'lll1ne the reasons for this. 
From the comparisons, it appears that (1) chert end volcanic rock 
fragments form a significant part of Colgate, Hell Creek, and Ludlow 
sandstone in eastern Montana and western North Dakota, and (2) oligo-
clsse, sndesine, and labradorite form a signlficant part of the feldspars. 
However, in the Glendive area, the quartz is generally a major component 
and feldspar only a very minor component. 
In summary, Colgate samples are sedarenites, Hell Creek samples are 
mostly volcanic litharenites to sedarenites, and Ludlow samples are 
volcanic litharenites to sedarenites. Volcanic rock fragments show a 
great increase beginning in the Little Beaver Creek Member. In the 
Marmarth and Bacon Creek, metamorphic (low-rank) and sedimentary rock 
fragments (mostly chert and shale) increase relative to VFRs. In the 
Huff SRFs (chert and carbonate) and MRFs increase relative to VRFs. 
the Ludlow the volcanic rock fragments decrease and quartz increases. 
The general trends ln basic components are (1) quartz forms more 
In 
than 55 percent of Colgate sandstone, 10 to 65 percent of the Hell Creek 
up to and including parts of the Huff, and 40 to 75 percent in remaining 
perts of the Huff and Ludlow; (2) feldspar generally forms only a few 
percent and conalsts mostly of crystalline plagioclase grains; and (3) 
rock fragments (mostly volcanic) form up to 45 percent of Colgate 
sandstone, 35 to 90 percent of the Hell Creek (amount decreases from 
-
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bottom to top), and 35 to 50 percent of the Ludlow, 
The amount of sedimentary rock fragments is significant in certain 
meander belt sandstones, especially several with a 160° to 190• trend. 
For example, in the Huff near sections DC2 and WP2 (plates 11 to 18), the 
increase is mostly in carbonate rock fragments. Chert generally domi-
nates the SRFs (except in some Marmarth and Bacon Creek sandstone where 
shale is abundant and in several Huff units ·where carbonate is abundant). 
Chert increases from the Bacon Creek to the Huff, and it is the moat 
abundant SRF in the Ludlow, 
Changes in stream paleohydrology (and type of delta facies) due to 
changes in the type and volume of load appear to correlate with the 
petrologic evidence, That is, Colgate and early Hell Creek streams were 
wider and load was coarser (than later streams) because a large volume 
of coarse, unatable rock fragments (mostly volcanic) was supplied. 
Late Hell Creek streams were narr01oter and load was flner because the 
coarse volcanic source gradually diminished and softer, more mineralog-
ically mature sedimentary and metamorphic sources contributed more of 
the load. Most of the petrographic changes could probably have occurred 
within the Elkhorn drainage basin by downcutting of the volcanic pile 
and exposing of underlying sedimentary and metasedimentary rocks. 
However, the changes could also be due to addition of other drainage 




MODEL OF DEPOSITION 
Delta Model 
The Colgate Member (Fox Hills Formation), and Hell Creek and 
lower Ludlow Formations are interpreted to be fluvial and deltaic 
deposits of a high-constructive, sandy, shallow-water, lobate delta. 
The delta IDOdel_ (figure 47) includes a prodelta facies (Pierre Formation), 
delta front facies (Timber Lake Member), highly meandering channel 
faciea (Colgate and Marmarth Members), and slightly to 1110derately 
meandering channel facies (Little Besver Creek, Bacon Creek, Huff, and 
Pretty Butte Members, and lower Ludlow Formation). 
In a high-constructive delta, the fluvially-influenced, constructive 
facies predominate over marine destructive facies (Fisher and others, 
1969). Thick, constructive, sandstone and shale facies (meander 
belt and floodbasin systems) are present in the Hell Creek and lower 
Ludlow. An extensive destructive (barrier bar) facies ls absent from 
most of the Fox Hills in eastern Montana and western North Dakota. 
In high-mud, high-constructive deltas, the lower delta plain 
consists of a distributary channel and marsh facies prograded over 
the delta front facies; an upper delta plain fluvial facies overlies 
the lower delta plain {Fisher, 1969). In the sequence in the Glendive 




Figure 47. Proposed model of deposition (after Fisher, 1969) of the Fox Hills, Hell Creek, and 






is represented by meander belt and floodbasln deposits that reflect 
the high sand content of the system. These channels were slightly 
to moderately meandering; belt patterns were distributary to anastomoelng; 
belts were flanked by floodbasins, some of which were similar to inter-
distributary bays. 
In this model, delta building occurs along the coastal plain as 
streams empty into a shallow sea, Delta front sand ls redistributed to 
form a low-mud, distributary channel and distributary mouth-bar facles. 
Due to the initially high sand content, there is extensive lateral 
shifting of the streams along much of the coastline, This forms a 
thick, laterally extensive, sandstone (highly meandering channel sandstone 
facies). Changes in the relative rates of supply and subsidence gradually 
increases the mud buildup in the lower delta plaln. This later enhances 
the development of stabilized distributary meander belt and inter-
distributary floodbasin systems {slightly to moderately meandering 
channel sandstone facles), 
Subsurface study of well logs indicates the delta facies {members) 
are widespread. Figure 4 shows the relationships between the members. 
It was prepared from outcrops and selected geophysical logs of wells 
that show the characteristics of the members and facles over the region. 
Minor delta lobes are separated by thin, moderately widespread, bentonite 
beds that represent stagnation of delta building. Major delta lobes 
{probably the Colgate-Hell Creek lobe and lower Ludlow lobe) are 
separated by more widespread lignite {basal Tertiary lignite and T-Cross 
lignite beds) and marine deposits that represent delta stagnation to 
, 
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destruction, The lobes ere vertically stacked and interdelta embayments 
(lower Hell Creek) were probably present in parts of west-central North 
Dakots. The major lobes are probably part of the Sherldan delta system 
(Gill and Cobban, 1973). 
In addition to the deltaic origin proposed by Gill and Cobban 
(1973), a deltaic snd barrier bar origin for the Fox Rills wss proposed 
by Waage (1968), Feldman (1972), and Cvancsrs (1976), The environments 
of deposition included channel, barrier bar, intertidal, sublittoral, 
and littoral. Frye (1967) interpreted the Hell Creek to be a deltalc 
deposit consisting of channel, estuarine, lagoons!, and marine sediment. 
Frye (1967) and Feldman (1972) recognized brackish lateral equivalents 
of the nonmarlne Fox Hills, Hell Creek, and Ludlow in west-central 
North Dakota. 
Delta Facles 
The base-level, aggradational, and fluvial characteristics of 
Colgate, Hell Creek, and Ludlow strata are reflected ln the 6-m 
cycles. The 6-m cycles are vertically stacked and locally persistent. 
They are largely controlled by meander belt and floodbasln processes. 
On a larger scale, the relative amounts and distribution of the 
lithologic units are distinctively different in the various members; 
several distinct, component facies of the high-constructive delta 
result, Fisher and McGowen (1969) suggested that the controlling factors 
for the various fluvlal and deltalc facles ere (1) amount and type of 









(3) stream regime, and (4) compaction. The influence of the type and 
ainount of supply is reflected in the geometry of the various facles 
and ln the distribution of sandstone and shale. Tectonlc factors 
probably controlled variations in thickness and distrlbution of the 
component delta facies and the perslstence and direction of certaln 
major channel patterns. 
A progressive fining of load and decrease in discharge occurred 
from Colgate to Ludlow time (table 2), The resulting change in 
stream regime appears to be part of the reason why multilateral, 
multistory sandstone is overlain by narrower, more stable meander 
belt sandstone {Bacon Creek) where the amount of sandstone and shale 
are more nearly equal. The early systems had a large amount of sand 
that perpetuated more meandering during Colgate and Marmarth time than 
during Bacon ~reek and Huff time, As the muds thickened, some belts 
were confined to relatively straight distributary patterns. Changes 
in the type and amount of supply were largely due to a large volume 
of relatively coarse volcanic detritus derived from the Elkhorn 
area during Little Beaver Creek time to Bacon Creek time, followed 
by a decrease in volcanic fragments and increase in sedimentary and 
metamorphic rock fragments, partly from adjacent source areas. These 
gradual changes in composition caused small to moderate changes in 
stream regime that had a large effect on the patterns of sand or mud 
buildups in the delta system. 
Preliminary subsurface correlations from east-central Montana 
to west-central North Dakota indicate that the character of members 
,.- ~i 
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of the Fox Hilla and Hell Creek remains about the same. Near the 
inferred delta margin in west-central North Dakota, the fluvial and 
deltaic deposits grade to an intertongue with brackish and marine 
deposits. Basically, the study sequence was eastwardly regressive 
until the end of Hell Creek time. Then, in central North Dakota, a 
westwardly transgressive Cannonball (Paleocene) sea deposited marine 
sandstone and mudstone on top of nonmarine and brackish sandstone 
and shale of the Huff and Pretty Butte Members. The Paleocene trans-
gression extended into western North Dakota and reaulted in some 
· intertonguing of Ludlow and Cannonball Formations. Later in the 
Paleocene, eastward delta building (upper Ludlow and Tongue River 
Formations) followed a retreating Cannonball sea. 
The Colgate and early Hell Creek delta initially prograded on a 
substrate of fine to medium sand. The sandy aubstrate and shallow 
water was conducive to the building of a high-constructive, lobate 
delta, although some local delta destruction is indicated by strand-
plain and barrier bar facies in the Timber Lake Member in North Dakota. 
However, most local destructive facies in the Fox Hills are succeeded 
by constructive facies. This ia probably due to the initially slow 
retreat of the Fox Hills strandllne followed by a faster retreat 
and increased delta building in response to the increase in the volume 
of volcanic detritus. 
The Colgate is a highly meandering (moderately sinuous) channel 
facies that is characteri~ed by more than 90 percent sandstone in 
multistory and multilateral complexes forming sn ext~nslve, regional 
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sandstone. The origin of this facies is related to a persistent point 
source of supply and extensive mesnder belt activity. The floodbasln 
elastics were largely removed during meandering, but significant breaks 
in point bar sedimentation are represented by upward-fining grain size 
and thin shale deposits belween 6-m intervals. The sandstone in this 
fsciee la slightly cleaner and coarser (flne to medium sand) than 
sandstone in the overlying slightly meandering channel facies (flne 
sand). The Marmarth Member is largely the same facles, but separated 
by a thin, slightly meandering channel facles of the Little Beaver 
Creek Member. The thin Little Beaver Creek suggests mud deposition 
in the lower delta plain was minimal. Major dlstributaries soon began 
to funnel abundant medium sand to the region again (Marmarth). 
Stacked, fluvial sandstone patterns of the Colgate are indicated 
by geophysical loga of the region. The regional thickness averages 21 m. 
Depending on the locale, upward-fining and blocky fluvial and 
dietributary log patterns or blocky to upward-coarsening distributary 
mouth bar patterns may be present. The underlying Timber Lake Member 
shows upward-coarsening log patterns characteristic of a delta front 
deposit including distributary channel and channel mouth bar, delta 
margin, distal, and slope facies. The thick, bentonite and lignitic 
shale at the top of the Colgate probably represents deltaic stagnation 
due to temporary interruption of supply and resulting subsidence of the 
area to fotm marsh, lake, and.possibly, bay environments. 
The highly meandering channel facies of the Marmarth indicates 
an increase in the main supply to the region after a decrease during 
, .• r. 
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Little Beaver Creek tlme. Multistory, multilateral sandstone units 
with weak to strong upward-fining log patterns are indicated by 
logs of the region, The regional thickness of the Marmarth is generally 
24 to 30 m. The Marmarth is overlain by a widespread bentonite at the 
base of the Bacon Creek. 
The Little Beaver Creek and Bscon Creek Me!llbers are slightly 
meandering channel faciea characterized by nearly equal amounts of 
sandstone and shale, although a single llthologic unit !111lY constitute 
10 to 90 percent of the section. The members are regionally widespread 
and bounded by marker bentonite beds, They probably represent minor 
delta lobes built by shifting point sources that periodically cause 
occupation snd abandonment of selected meander belts for a period during 
which subsidence allowed the mud framework to thicken. 
Plates 5 to 10 show that thia facies consisted of stabilized 
meander belts and ad.Jacent floodbasins. Plates 2. snd 3 show the deposits 
are vertically stacked in 6-m cycles that clearly show sedimentation 
patterns of channel (point bar), channel margin (levee, splay), and 
interchannel (lake, swamp, marsh) environments. The meander belt width 
was 400 to 800 m for narrow belts and 12.00 to 1700 m for wider belts. 
Interchannel floodbasin width was about 1500 to 3700 m, The 6-m intervals 
are generally bounded by thin lignite deposited in large swampa and 
marahes that result from temporary interruption of supply and continued 
subsidence of the area. Repetition of the aggradational cycles is 
indicated by the stacking.of sandstone units that do not cut into 
underlying cycles. Reoccupation and abandonment of dlstributsry 
-
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belt systems is a distinct characteristic of the slightly meandering 
channel facies. 
The extent of the fine clastlcs in the Bacon Creek Member over 
eastern Montana and western North Dakota Indicates widespread similarity 
in rates of basin subsidence and sediment supply (discharge and load). 
This suggests unifonnity in source area conditions as well, The 
lateral persistence of the member suggests stability and slow subsidence 
in much of the Williston Basin, Stability of the depositional basin 
is also Indicated by a gradual trend toward increased stream stability 
The high-mud framework indicates that aubsldence increased relative to 
supply. A similar facies (and thickness) in parts of the upper Hell 
Creek over a large part of eastern Montana and western North Dakota 
suggests long tenn stabllity in the position of certaln depositional 
enviro!llllents, possibly because the delta margin fixed itself in central 
North Dakota, In addition, a trend toward stability in the source area 
is suggested by the gradual decrease in volcanic rock fragments. 
The regional thickness of the Little Beaver Creek is zero to 15 m. 
Regional variations in thickness indicates that delta building was not 
unifonn across the region or that subsequent eroslon by Marmarth 
channels msy hsve removed some of the member. Regional thickness of 
the Bacon Creek is 36 to 55 m and averages 46 m. Repetitive sequences 
of meander belt sandstone and floodbasin shale are indicated by the logs. 
Stagnation of delta building at the end of Bacon Creek time is suggested 
by the regional bentonite at the top of the member. 
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The Huff is a slightly to moderately meandering channel fac1es that 
succeeds the slightly meandering channel facies of the Bacon Creek. It 
is another minor lobe bounded by stagnation units of bentonite below and 
basal Tertiary lignite above. Platea 11 to 18 show that the Huff is 
characterized by an upward trend toward coalescence of emaller belts 
into larger belts, forming what is best termed a moderately meandering 
channel facles, The width of lower Huff belts averaged 650 m, but this 
width increased to as much as 4900 min the upper Huff, Paleoflow data 
(table 2) suggest that the streams were gradually becoming smaller 
because the sand load decreased and silt and clay increased. Petrographic 
data (figure 46) suggest that changes in the source area may have 
caused the changes in type and volume of load. 
toga of the region show thickness of the Ruff and Pretty Butte 
averages 48 m, Thickness of the Pretty Butte itself is a few meters 
to 9 m. There is a wide range in aggregate sandstone thickness in 
the Huff. 
The Pretty Butte Member represents a relatively high-mud part of 
the lower delta plain. The belt patterns are narrow (360 to 730 m) 
and stralght, A few belts are only slightly wider than single distributary 
channels and are inset into shale. Log characteristics of this interval 
suggest there was widespread deposition of shale (and lignite), which 
probably happened about the same tlme that the Cannonball sea began 
to transgress westward across North Dakota. During this period, the 
mud frSlllework thickened and lower deltaic plain distributary channel 
and marsh environments predominated. 
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The faciea is also present in the lowel.1ftost Ludlow and separated 
from the Pretty Butte by the basal Tertiary lignite. This lignite la 
widespread and probably can be used to delimit the Colgate-Hell Creek 
delta lobe from the lower Ludlow lobe. The deposition of bentonite and 
lignite near the Cretaceous-Tertiary contact indicates subaldence of 
the region and inactivity of the stream systems over a large ares. 
The bentonite and lignite were deposited in floodbasin and swamps adjacent 
to the few remaining active channels. 
With exception of the first few intervals, the lower Ludlow varies 
upward from a slightly meandering channel facies to a moderately 
meandering channel faciea. Plates 19 to 24 show that narrow 
sandstone units (150 in) trend upward toward meander belt establishment 
(300 to 600 m) and coalescence (1340 m or greeter), Interdiatributary 
floodbaaina were generally 8111411 and repetitive sequences of levee, 
lake, and swamp and marsh depoaita reflect variable rates of baselevel 
aggredation and subsidence. Paleoflov characteristics support a 
narrow-channel and fine-load system similar to the Huff. Logs indicate 




The Colgate Member (Fox Hills Formation), Little Beaver Creek, 
Marmarth, Bacon Creek, Huff snd Pretty Butte Members (Rell Creek 
Formation), and lower Ludlow Formation in the Glendive ares, Montana 
consist of sandstone, sandy siltstone, shale, and lignite. Among 
these members, the basic stratigraphic and sedimentologic characteristics 
and origin of the lithologic units are similar. Most differences 
are largely due to the thlcknese and distribution of the units. 
The Fox Hills Formation is the lowermost formation studied, It 
ie 64 m thick (ranges from 43 to 70 m) and fonns the transition beda 
between the marine Pierre Formation and nomnarine Hell Creek. The 
lower member, the Timber Lake, ia marine and tranaitionally overlies 
the dark gray Pierre, The Timber Lake is generally JO to 43 m thick 
and consists of interbedded sandstone, siltstone, and ahale that form 
soft, buff-colored slopes. Fossils of Ophiomorpha are present, The 
upper member, the Colgate, averages 24 m thick and consists of light olive 
gray, fluted, cross-stratif!ed aandstone, It sharply overlies the Timber 
Lake Member. Thin shale, lignite, and sandy ailtatone occur at breaks 
between component 6..,,. cycles, but the Colgate consists mostly of multi-
lateral, multistory sandstone, Paleocurrents are N 30° E to S 60° E, 








The Hell Creek Formatlon is about 120 m thick in the Glendive 
area. It consists of flve members that can be correlated over much 
of eastern Montana and western North Dakota. The Little Beaver Creek 
Member conform.ably overlies the Colgate. It is as much as 12 m 
thick and conslsts of two 6-m lntervals. The member consists of about 
half yellowish gray, cross-stratified sandstone (in belts that are 850 
to 920 m wide and trend about N so• E) and half light olive gray, to 
olive gray, and pale brown, silty, bentonitic, and lignitic shale. 
Minor amounts of sandy siltstone and lignite are also present. 
Silicified wood and other fossil plants (temperate) are common. 
The Marmarth Member averages 24 to 30 m thick and consists of 
four to five 6-m intervals of yellowish orange to dark yellowish orange, 
fluted, concretion-bearing, cross-stratified sandstone. Minor amounts 
of sandy siltstone and shale occur at breaks between 6-m intervals, The 
sandstone is multilateral and multistory. Paleocurrents are N 50° E to 
S 5° E, Fossils of dinosaurs and freshwater invertebrates are present. 
The Bacon Creek Member is typically 36 m thick and consists of 
six 6-m intervals. The member consists of about half yellowish gray, 
cross-stratified sandstone and half olive gray, light olive gray, pale 
brown, silty, lignitic, and bentonitic shale. The sandstone and shale 
units stack verticelly so that the amount of sandstone or shale varies 
from 10 to 90 percent. The width of most sandstone unite occur in either 
of two groups: 400 to 800 m or 1200 to 1700 m, The sandstone may stack 
in sequences as much as 30 m thick, It forms distributary to anastomosing 
patterns that bifurcate from one to several trunk distributaries that 
.. 
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trend northeast and east, but mostly southeast. The distributar1es show 
periodic patterns of occupation and abandomnent. A variety of freshwater 
vertebrate (including dinosaurs, turtles, crocodiles, and fishes), 
invertebrate, and plant (temperate) fossils are present, 
The Ruff Member of the Rell Creek is 42 m to 46 m thick and 
conslats of about half yellowish gray to light olive gray, fluted, 
cross-stratified, concretion-bearing sandstone and half light olive 
gray, olive gray, and pale brown, silty.bentonitic, and lignite shale. 
The Pretty Butte Member is generally 2 to 6 m thick and is mostly shale. 
These two members form the upper 48 m of the Hell Creek, which is 
divided into eight 6-m intervals, Locally, the amount of sandstone 
varies from 10 to 90 percent. Fixed, stacked, sandstone belts are 
present in the lower part of the Huff and are s!milar to those in the 
Bacon Creek. Upward, the belts become more profuse, criss-cross and 
locally coalesce into larger belts. The belts form elongated, but locally 
tabular, sandstone complexes. The composite belt width vary from 400 to 
1700 m and average 650 m. The belts have a distributary pattern directed 
east to northeast and south to southeast. The south to southeast pattern 
gradually replaces the east to northeast system, as it did in the Bacon 
Creek, A variety of freshwater vertebrate (including dinosaurs, turtles, 
crocodiles, and fishes), invertebrate, and plant (temperate) fossils 
are present. 
The Ludlow Formation is the uppermost formation studied, Regionally. 
it is 143 m thick. At Glendive, the eectlon of lower Ludlov le 49 m 
thick and divided into intervals 5.5 to 6 m thick consisting of mostly 
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sandstone and shale. The sandstone is light olive gray, fluted, cross-
stratified, and concretion-bearing, and forma multistory complexes as 
much as 22 m thick and 1200 m wide. Component sandstone belts are 
typically 300 to 600 m wide, but a few are only 150 m wlde. A few 
narrow, concave-upward sandstone units are present near the base of the 
Ludlow. The shale is light olive gray, olive gray, and pale brown, 
silty, bentonitic, and lignitic. A variety of freshwater vertebrate 
and plant (temperate) fossils are present in the lower Ludlow. 
Sandstone in the Colgate, Hell Creek, and lower Ludlow commonly 
forms intervals 5 to 6 m thick with upward-decreasing grain size and 
set size. Typically, the lower third of a 6-m interval consists of 
upper-phase plane bed with mud pebbles and large-scale, planar, parallel 
(tabular) sets of high-angle dune and bar cross strsta, The middle 
third consists of large-scale, planar, convergent (wedge) sets and 
curved (trough) sets of high-angle dune crosa strata with some upper-
phase plane bed. The upper third consists of small-scale sets of low-
to high-angle ripple cross strata, lower-phase plane bed, ripple and 
climbing ripple stratification, and irregular to draped stratification. 
Superimposed on this profile are very-large-scale (4 to 6 m), concave 
to sigmoidal sets of low-angle (4° to 12°) point-bar cross strata with 
silty, ehaly, and lignitic partings. The average grain sizes for s 
typical 6-m sandstone are: 1. 70 to 2.30 sand with 4 to 12 percent silt 
and clay in the lower third; 2.0, to 2.6, sand with 8 to 12 percent 
silt and clay in the middle third; and 2.30 to 3.3, sand with 14 to 20 
percent or more silt and clay in t·he upper third of the interval. 
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Overall, fine to medium sand grades upward to flne and very flne 
sand, with the most rapid change occurring in the uppermost meter. 
sandstone unite are interpreted to be point bar deposits that form 
multilateral, distributary, and braided networks of meander belts. 
Siltstone units are yellowish gray and consist of poorly sorted, 
very flne to flne sandstone (c0111monly 40 to 60 percent), siltstone, 
and shale. They flank the meander belts and are interbedded with adjacent 
belt and floodbasin deposits. They are typically 2 to 4 m thlck and 
300 to 500 m wide near the belt deposits and 1 to 3 m thick near 
floodbasin deposits. Concretionary layers and nodules are common. 
Flat, irregular, ripple and climbing ripple stratification are abundant. 
Small-scale cross strata may also be present. Microscopic organic 
matter, rootlets, tree leaves and stumps are present, Dinosaur, 
crocodile, turtle, and gar fossils are present. Sandy siltstone units 
are Interpreted to be natural levee and some crevasse splay deposits. 
Shale occurs as blanket-like deposits in areas between meander belts 
and is 2 to 6 m thick in a given 6-m interval, but may stack vertically 
to several times that thickness. The shale is commonly lamlnated and 
fossiliferous (rootlets, leaves, siliclfied wood, microscoplc organic 
matter, dinosaurs, and crocodiles). Thin concretionary layers are 
common. Shale units are interpreted to be mostly interdistributary 
floodbasin (including lake) deposits, "11th some abandoned channel fill. 
Lignite is commonly associated with shale and forms local, blanket-
like deposits within the interdistributary floodbasln deposits. The 
lignite is typically 0.1 to 0.3 m thick and pale brown to black. Some 
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lignite ia fibrous and woody, but most is earthy to vitreous and nonwoody. 
Lignite units are interpreted to be freshwater swamp and marsh deposits. 
Repetitive patterns in lithology, graln size,and primary sedimentary 
structures indicate depositional cycles are present. The cycles are 
aggradational and result from processes in the meandering stream 
(averaged 5.2 m deep and 115 m wide) and floodbasin environments. Cycle 
A is an upward-fining cycle about 6 m thick, It consists of point bar 
sandstone overlain by thin natural levee and floodbasin units, 
Cycle B 
is an upward-coarsening cycle about 4.5 to 5.5 m thick, and consists 
of shale, lignite, and sandy siltstone. The cycle represents progradation 
of the natural levee into the floodbasin. Cycle Bis mostly a channel 
margin deposit and specific sequences record migration of the meander 
belt and floodbasin boundary, Cycle C is 4 to 5 m thick and consists 
of shale, lignltic shale, and lignite. The cycle results from deposition 
of fine overbank, lake, swamp, and marsh sediment in the interior 
parts of interdistributary floodbasins, Specific sequences record 
the variations in supply, subsldence, water depth, organic production 
and decay, and flooding. Overall, the baslc cycles represent active 
aggradation followed by stagnation of deposition. They reflect the 
periodic establishment and aband.onment of deltaic distributaries 
(meandering type) in the lower delta plain. Widespresd marker beds 
of bentonite or lignite indlcate subsidence overs large ares and 
expansion of local lake, swamp, and marsh environments. 
During Colgate, Hell Creek, and lower Ludlow time, the width of 
the streams was 100 to 130 m, the depth was 4,9 to 5.3 m, and the 
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width-to-depth ratio was about 20 to 25 (table 2), These all decreased 
with time. The weighted mean percent of silt and clay (ln channel 
and bank} increased from 7 to 10.5. The sinuosity of streams increased 
from 1.5 to 1.7. The mean annual discharge was 130 to 220 m
3
/e, and 
3 mean annual flood was 500 to 610 m /s. They both decreased with time. 
The meander length was 1300 to 2200 m, drainage area was 13,000 to 23,000 
2 km, and stream length was 380 to 520 km. They all decreased with time, 
The channel slope was 0.28 to 0.31 m/km and appears to have increased 
a little, The above values indicate a stable, mixed-load, moderately 
sinuous alluvial stream where sand formed about 4 to 8 percent of the 
total load, The fining of load and decrease in discharge with time likely 
caused the decrease in size of the channel, size of meander belts, 
and the changes in the type of delta facles. 
Petrographic study of Fox Hills, Hell Creek, and Ludlow sandstone 
suggests there were significant changes in the type and amount of 
sedi~ent supply during the Late Cretaceous, snd these changes probably 
affected the paleohydrology of Late Cretaceous and Paleocene streams. 
Colgate samples are sedarenites. Chert ls the dominant rock fragment 
(but subequal to volcanic rock fragments). Hell Creek samples are 
mostly volcanic litharenites, but there are a few sedarenites. 
Rhyodacite and andesite are the dominant rock fragments. Ludlow 
samples are also volcanic litharenitee and sedarenites. 
The general trends in the basic components are: (1) quartz is most 
abundant in Colgate, decreases in the lower Hell Creek, and increases 






Table 2,--Paleoflow characteristics of streams that deposited Fox 




Width (W), m 
Depth (D), m 
Width(:!!_) 
Depth D 
Silt and clay in 
channel,% 
Silt and clay in 
bank,%· 
Weighted silt and 
clay (M), %, eqn. 1 
Width-Depth Ratio 
(F), eqn. 3 
Sinuosity (P), 
ave. eqn. 4, 5 
Mean Annual Discharge 
3 
{Qm), m /s, 
ave. eqns, 6, 7 
Mean Annual flood 
3 (Qma)' m /s, eqn. 8 
































































km, ave. eqns. 9, 10 2000 2200 2100 1900 1900 
Drainage Area (Ad)' 
2 km, ave. eqns. 11, 12 21,000 23,000 23,000 19,000 18,000 
Stream Length (L ), 
s km, eqn, 13 500 520 520 470 460 
Channel Slone (S), 
m/m, eqn. 14 0.00030 0,00030 0.00029 J.00030 0.00031 
l Abbreviations indicate reference cross section (plates 2 and 3) 
and sandstone trend (OC-180', for example), Location of sandstone 
shown on plates 4 to 24 and on plates 2 and 3, 
2 All values are based on data from this study, Average values for 





Hell Creek Hell Creek Fla 
BC Member 
L-Z:J: ... - -
1so· Dt;-• . kn,-1 .... 11 '/1 70- CC/DC-l '15 • WP-85" GC-180 • 
110 120 120 120 100 110 
5.2 5.3 5.3 5.2 5.1 5.2 
21 23 23 23 20 21 
8 9 9 10 12 10.5 
24 24 25 23 24 27 
9.4 10.2 10,3 11.0 13.1 11.9 
23 21 21 19 16 18 
1.6 1.6 1.6 1.7 1.7 1.7 
170 190 190 170 140 160 
520 610 630 590 540 560 
1800 1700 1700 1600 1300 1500 
17,000 19,000 20,000 17,000 14,000 16,000 
450 470 480 440 390 420 
0.00030 0.00028 0.00029 0.00028 0,00028 0,00028 
Table 2.--Continued 
Hell Creek Fm, 
Huff Member Ludlow Fm, 
GC-llOV /135 v E-135 ° CC-80 • E-80 ° DC-135" CC-140 • 
110 110 110 110 100 110 
5.2 5.1 5.2 5,2 4.9 5.0 
21 22 21 21 20 22 
10.5 10,5 10 10.5 10 9 
23.5 23.5 23 26 23 23 
11.6 11,6 11.1 11.8 11,2 10. 2 
18 18 19 18 19 21 
1.7 1.7 1 •. 7 l,7 1.7 l.6 
160 150 160 160 130 140 
560 530 570 560 500 500 
1500 1500 1600 1500 1500 1600 
16,000 15,000 17,000 16,000 13,000 15,000 
420 410 430 420 380 400 
0.00028 0.00029 0.00029 0.00028 0.00031 0.00031 
247 
oligoclase, and andeaine, and generally form only a few percent of the 
sandstone; (3) rock fragments are moat abundant in the lower Hell 
Creek; (4) fragments of rhyodacite (quartz latite) and andesite are 
predominant; (5) chert is usually abundant and may be subequal to 
volcanic fragments; chert and other sedimentary rock fragments, including 
shale, increase relative to volcanic fragments in upper Hell Creek and 
lower Ludlow; carbonate rock fragments show irregular bursts in 
abundance; and (6) metamorphic rock fragments including slate, phyllite, 
snd schist generally form only a few percent of the rock fragments; 
they are moat abundant in the lower Hell Creek but show an increase 
in the uppermost Hell Creek. 
The requirements of phyaiographic and stratigraphic position, age, 
and composition (including amount, type, and sequence of yield) are 
largely met by a source in the Elkhorn Mountains Volcanic complex. 
The diagnostic volcanic suite in the Hell Creek Formation and its 
westward equivalent, the Livingston Group, are present in the Elkhorn 
rocks, which include andesine crystals, rhyolitic ash, andesite, 
rhyodscite, and an augite-magnetite-biotite assemblage. The compo-
sitional changes in the Hell Creek and adjacent strata may have been 
produced by downcutting into the thick volcanic pile and gradually 
exposing increasing amounts of upper Paleozoic and lower Mesozoic 
sedimentary and low grade metamorphic rocks. Later, the uplift of 
Precambrian, Paleozoic, and Mesozoic sedimentary and metamorphic rocks 
in the Beartooth, Bridger, and Gallatin Ranges probably provided a 
partial source for the Crazy Mountains Basin and Williston Basin. 
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The Colgate, Hell Creek, and lower Ludlow Formations are deposits 
of a high-constructive, sandy, shallow-water, lobate delta. These 
strata largely consist of fluvially-dominated lower delta plain deposits 
prograded over delta front (Timber Lake) and prodelta (Pierre) deposits. 
They were deposited in a stable, slowly subsiding Williston Basin. 
The delta is probably part of the Sheridan delta of Gill and Cobban 
(1973). 
The component facies of the lower delta plain represented in the 
various members include (1) a hlghly meandering channel facles (Colgate 
and Marmarth), (2) a slightly meandering channel facies (Little Beaver 
Creek and Bacon Creek), and (3) a slightly to moderately meandering 
channel facies (Huff, Pretty Butte, and lower Ludlow). The fscies 
basically differ in the relative amounts and distribution of sandstone 
and shale. Regional persistence and similarity of the members suggests 
that these facies may be present over most of eastern Montana and 
western North Dakota, 
The base of each facies generally indicates the start of a phase 
of active aggradation and the top indicates the stagnation of that 
phase of deltation. Each facies (member) is generally bounded by 
a regional marker bed of bentonlte or lignite, The component 6-m cycles 
in each facies are related to the position and periodicity of the 
of the point source of supply from e trunk distributary. The cyclicity 
in the various delta facies (each is tens of meters thick) is controlled 
by the long-term rates of supply and subsidence in the basin. A 
change from the highly meandering channel facies to the slightly and 
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moderately meandering channel facles correlates with the gradual 
decrease in discharge and graln size and increase in percentages of 
silt and clay {table 2}. 
The delta that formed the Fox Hilla, Hell Creek, and lower Ludlow 
Formations probably began in response to a large volume of volcanic 
detritus shed frcm the Elkhorn Mountains Volcanic complex and transported 
to the nearby Fox Hills Sea. In the early history of the delta, 
much of the sediment bypassed the delta plain and was stored in delta 
front and prodelta environments. As the volume of detritus and grain 
size decreased, the 8i1pply and subsidence cycle was changed so that an 
increasing amount of sediment was stored in the lower delta plain, 




LITHOLOGIC DESCRIPTIONS OF MEASURED SECTIONS 
OF FOX HILLS, HELL CR.l!!K, AND LUDLCM FORMATIONS, 
GLENDIVE AREA, MONTANA 
252 
Explanation for Appendix A 
1, All sections are described in stratigraphic order, with topmost 
units given first. Totals for thickness are given where the full 
thickness of the member is believed present. 
2. Colors generally represent weathered surfaces. Rusty colors 
are similar to dark yellowish orange. Light olive gray applied 
to sandstone is 5Y6/l and to shale is 5Y5/2. 
3, Unless otherwise indicated, lithologie units are usually moderately 
consolidated. Sandstone and sandy siltatone are generally friable, 
4. The measured sectionsare located on plates l to 3. Plate l shows 
the midpoint of each traverae, which may be long and sinuous. A 
description of the traverse from base to top is given below (for 
use with 7.5' series topographic maps). 
SCI From junction of Sand Creek road and drill hole trail, 
parallel the trail to top of ridge. 
SC2 From base of cliff where cutbank of Sand Creek meets road, 
up south face to top of cliff. 
SC3 From bed· of Sand Creek at base of cliff, up southeast face 
to top of cliff. 
SC4 From base of cliff just below midpoint, up southwest face 
_to top of cliff. 
Yl From Sand Creek road due north to cliff, up south face to 
top of cliff. 
Y2 From base of cliff, up valley to top of weat face of cliff. 
Y3 From base of cliff, up southwest face to top of knoll. 
Y4 From base of cliff, up south face to top of cliff. 
Y5 From base of cliff, up west face to top of mesa at 2480 
contour. 
Y6 From base of cliff, up west face to top of flat ridge. 
Y7 · From base of cliff in far southeast corner of NW!i; of sec. 14, 
up section toward east to top of ridge above 2480 contour. 
Y8 From base of cliff southeast of trail, up section toward 
northwest to top of ridge above 2300 contour. 
Y9 From railroad track at base of cliff, up west face to top 
of ridge above 2300 contour, 
• 
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YlO From railroad track at base of cliff, up west face to top 
of ridge above 2300 contour. 
DCl From major draw in S-w\ near intersection with Dawson Junior 
College road, up valley to south face, up section to 
northeast to top of ridge at 2444 marker. 
DC2 From base of cliff, up west face toward east and southeast 
to top of ridge. 
DC3 From stream bed at base of cliffs, up west face toward east 
and northeast to top of ridge. 
DC4 From base of cliff, up west face toward east to top of ridge 
near 2503 marker. 
DC5 From base of southwest face, up section toward northeast 
to top of ridge. 
DC6 From base of west face, up section toward east to top of 
ridge above 2500 contour. 
DC7 From gully near base of southwest face, up section toward 
east and northeast to top of mesa and park trail • 
DCS From gully in southwest tip of sec. 18, up northeast face 
toward south and southwest-to top of ridge in far northwest 
corner of sec. 19. 
CCl From end of city street in southwest tip of sec. 36 near base 









From stream bed below midpoint, up west face toward east to 
top of ridge near 2510 marker. 
From stream bed near Cains Coulee trail, up west face toward 
east to top of ridge at 2500 contour. 
From east branch of stream below base of southwest face, 
up section to northeast to 2500 contour. 
From stream bed across Cains Coulee road, up southwest face 
toward northeast to top of ridge above 2440 contour. 
From stream bed near Cains Coulee road, 
0
up west face toward 
east to top of plateau in northwest tip f SE% of sec. 7. 
From stream bed near Cains Coulee road, up southwest face 
toward.east to 2592 marker. 
From gully east of cemetery, up northwest face toward south-
east to top of plateau above 2440 contour. 
From stream bed, up west face toward east to top of plateau. 
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GC3 From stream bed, up southwest face toward northeast to top 
of plateau above 2460 contour. 
GC4 Fr<llll west branch of stream, up west face toward east to top 
of narrow ridge above 2400 contour. 
GCS From stream bed, up east face toward west to top of plateau 
above 2540 contour. 
GC6 From stream bed, up west face toward east to top of ridge 
above 2440 contour. 
PRl From stream bed, up south face toward north to top of ridge 
at 2415 marker. 
PR2 From gully bed, up south face toward northwest to top of 
ridge above 2380 contour. 
PR3 From major stream bed, up southwest face toward northeast 
to top of knoll above 2460 contour. 
PR4 From stream bed, up south face toward west and northwest to 
edge of ridge near 2500 contour, 
PRS From stream bed, up southeast face toward northwest edge of 
plateau.near Pine-on-Rocks vista point. 
PR6 From base of northeast face, toward southwest to top of 
ridge near 2646 marker, 
WPl From base of southwest face, toward north and northeast to 
top of knoll, 
WP2 From stream bed, up southwest face toward northeast to top 
of ridge. 
WP3 From stream bed, up southwest face toward northeast to top 
of ridge at 2703 marker. 
WP4 From gully bed, up south face toward north to top of ridge. 
WPS From stream bed, up west face toward east to top of knoll. 
WP6 Froai gully bed, up west face toward east to top of ridge. 
WP7 From gully bed, up west face toward northeast to edge of 
plateau nesr tower road. 
WPS From gully bed, up southwest face toward northeast to top 
of knoll and 2667 marker. 
WP9 From gully bed, up south face toward north to top of ridge 
at 2700 contour. 
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WPlO From base of ·southwest face, up graded trail toward northeast 
to top of ridge at 2635 marker. 
WPll From base of southwest face, toward east to top of ridge 
above 2700 contour. 
WP12 From base of west face, toward east and northeast to top of 
knoll in SE~ of sec. 33. 
WP13 From base of southwest face, toward east to top of knoll at 
2700 contour. 
WP14 From base of southwest face, toward northeast to top of 
knoll above 2700 contour in southeast tip of sec. 4. 
El From bed of Glendive Creek, up gully to southwest face toward 
northeast to top of plateau. 
E2 From bed of Glendive Creek, up gully to southwest face toward 
northeast to top of plateau. 
E3 From bed of Glendive Creek, up gully toward east to southwest 
face toward northeast to top of plateau. 
E4 From bed of Glendive Creek, up gully toward northeast, up 
southwest face toward northeast to top of plateau. 
E5 From bend in bed of Glendive Creek, up north gully toward 
northeast, up south-southwest face toward east-northeast to 
top of plateau at 2400 contour. 
E6 From bed of Glendive Creek, up south gully toward east, up 
southwest face toward east to top of plateau at 2400 contour. 
E7 From bed of Glendive Creek, up gully to intersection with 
bend in trail, up west face toward east-southeast to top of 
ridge at 2400 contour. 
EB From Glendive Creek, up north gully toward southeast, up 
northwest face to top of ridge in northeast tip of sec. 14. 
E9 From intersection of two trails, up gully toward east, up 
west face of bluff, overland toward east, up southwest-west 
face toward northeast to top of plateau above 2440 contour. 
ElO ·From Glendive Creek, up gully toward east in southeast corner 
of see. 14, up southwest face toward northeast to top of 
plateau above 2440 contour. 
Ell From base of southwest face next to trail, up southwest face 
toward northeast to top of plateau above 2440 contour. 
EI2 From base of southwest face next to trail, up south face toward 
north to top of plateau above 2440 contour. 
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Measured Section SCI 
T. 15 N,, R. 55 E,, Sec. 35, NE~ of NE\ 
BACON CREEK MEMBER METERS 
Sandstone, medium, dark yellowish orange; frlable; flnes upward 
to slltstone, shale, and lignlte; large-scale (0,3 to 2 m), 
grouped, planar parallel and convergent sets of high-angle (20°), 
tangentlsl cross strata up to 4 cm thick with long forset slopes 
(1,5 to 3 m) and shale pebbles; paleocurrent N 90° E to S S0° E; 
thin concretionary layers with siderite and limonite; paleo-
groundwater contacts present as oxidized layers •• , • • • • • • 15.0 
MARMARTH MEMBER 
Sandstone, fine to medium, yellow gray to dark yellowish orange; 
fines upward; 9 m of flat stratification and large-scale (0.3 to 
l m), grouped, planar to 1o1eakly curved, convergent sets of high-
angle (15°) cross strata cemented by calcium carbonate, siderite, 
and limonite; paleocurrent N 40° E to S S0° E; grades up to small 
scale cross strata; shale plugs present laterally; sharp, flat 
base • • • .. • • • • • • • • • • • • • • , • • • • • • · • • • • 
Total 
LITI'LE BEAVER CREEK MEMBER 
Shale, bentonitic, lignitic and silty near top; flatly bedded to 
25.5 
25.5 
massive; silicified wood • • • • • • • • • • • • • • 5.6 
Total 5.6 
COLGATE MEMBER 
Sandstone, fine, clayey, light olive gray; fines upward; large-
and very-large-scale cross strata grading up to small-scale cross 
strata; elliptical concretions cemented by calcium carbonate; 
siltstone and thin concretlonary layers form partings of very-
large-scale sets . . . . . • . • . . • . . . . • . . . . . 
Total 




and siltstone, interbedded, very pale orange to dark 





sandstone, fine to very fine, very pale orange; thickly bedded; 
poorly consolidated . • • • • . . • • . . • . • • . . • . . . • 15.0 
Measured Section SC2 
T. 15 N,, R. 55 F.., Sec. 36, NE~ of NW~ 
BACON CREEK MEMBER 
Sandstone, fine to medium; poorly consolidated; grass covered. • 4.0 
MARMARTH MEMBER 
Sandstone, fine to medium, yellow gray to dark yellowish orange; 
fluted; large-scale cross strata similar to those in section 
SCl . . .. • . .. • . • • . . ., . • . . ,. . . • . .. • • . .. . . . . 25.0 
Total 25.0 
LIITLE BEAVER CREEK MEMBER 
Shale, bentonitic, lignitic at top; laterally persistent; appears 
inassive ........ ·• • • • .. • .. .. • • • • .. • • • • • • .. . 3 .. 0 
Sandstone, fine, clayey, light olive gray; large-scale cross 
strata; lenticular •• , • • • • • • J. l 
Shale, silty, olive gray; lenticular 2.0 
Total 8.1 
COLGATE MEMBER 
Sandstone, fine, clayey, light olive gray; large-scale sets of 
cross strata; lenticular • , •• , • • 3.9 
Shale, lignitic, and lignite; forms partings 0.2 
Sandstone, fine, clayey, light olive gray; very-large- and large-
scale sets of cross strata • • • • • • • • • • • • • • • • .!Z.:.! 
Total 21.9 
TIMBER LAKE MEMBER 
Siltstone and sandstone, interbedded, very pale orange to dark 
yellowish orange . . . . . . .. . . . . .. . . .. . . . . . 10.0 
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Siltstone, sandy, clayey, very pale orange; masslve; poorly 
consolidated • • • • •. , • • • • • • • . • , • , • . • . . . 14. 8 
Measured Sectlon SC3 
T. 15 N,, R. 36 N., Sec. 36, SW~ of NE~ 
BACON CREEK MEMBER 
Slltstone, sandy, clayey, very pale orange; grass covered. • 2.0 
Sandstone, fine to medium; large-scale (up to 1 m), grouped, 
planar, parallel and convergent sets of medium to hlgh-angle, 
weakly concave, tangential cross strata •••• , •• , •• , 14.0 
MARMARTH MEMBER 
Sandstone, fine to medium, yellowish gray; abundant foreset 
concretions; large-scale, grouped, planar, parallel and weakly 
curved eets of high-angle, weakly concave to aigmoidal cross 
strata, paleocurrent Sas• E; grades up to small-scale (l to 2 cm), 
grouped, planar, irregular, and weakly curved sets of low-angle 
cross strata • • • • • • • • • • • • • . • • . • • • • • • 24.0 
Total 24.0 
Llffl.E BEAVER CREEK MEMBER 
Lignite, •••• 
Shale, bentonitic to silty 
Shale, lignltic, . . .. . . 





Sandstone, fine to medium, clayey; flnes upward; cemented near 
top; flat stratification and large-scale, grouped sets of low-
angle cross strata • • • • • • 19.2 
Lignite, pale br01m; lenticular • 
Sandstone, fine, yellowish gray to light olive gray; flnes upward; 
large-scale, grouped, planar sets of high-angle cross strata; 
0,5 
shale near top .. .. .. ,. .. . .. .. .. . .. .. . .. ;a. • • .. • • • • .. .. .. 16 .. 5 
Total 36.2 
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TIMBER LAKE MEMBER 
Siltstone and sandstone, interbedded. very pale orange to dark 
yellowish orange; poorly consolidated 
Shale, silty •••• , • 
Measured Section SC4 
T. 15 N., R. 56 E,, Sec, 31, SW~ of NW~ 
BACON CRE!!K MEMBER 




flat stratification and large-scale cross strata • , •••• , • • 17. 7 
MARMARTH MEMBER 
Sandstone, fine to medium yellowish gray to dark yellowish 
abundant elliptical and tabular concretions; flnes upward; 
of flat stratification with shale pebbles and shale pebble 
conglomerate; large-scale, grouped sets of cross strata 
orange; 
2 m 
. . . 25.0 
Total 25.0 
LITTLE BEAVER CREEK MEMBER 
Shale, bentonitic to silty, medium light gray; flatly stratified; 
upper part lignltic shale and lignite • , •• , • • • • • 9.0· 
Total 9.0 
COLGATE MEMBER 
Sandstone, fine, clayey, light olive gray; sharp upper contact; 
flat stratification and large-scale grouped sets of high- and 
low-angle cross strata; 3 to 5 cm shale partings • 12.8 
Shale, bentonitlc . . . . . . . • 1.6 
Sandstone, fine, light olive gray; very-large-scale sets of 
cross strata. . • 5.0 
Shale, bentonitlc • 1.6 




Measured Section YI 
T. 15 N., R. 55 E., Sec. 26, SW~ of SW~ 
BACON CREEK MEMBER 




Sandstone, flne to medium, grayish orange; very friable; abundant 
tabular concretions; large-scale sets of low-angle, concave cross 
strata • • ,o • • I I ,o O • • • • • • e fl • • • • • • • 0 " 
Sandstone, fine, silty; flat stratification in 1 cm layers; upper 
6.9 
0.3 m cemented by calcium carbonate • • • • • • • • • • • • • 1.9 
Sandstone, fine to medium; lsrge-scsle, grouped, planar, convergent, 
and curved sets of high-angle (29°), weakly concave cross strata, 
paleocurrent N 65° E •••••••••••••• , • • • 1.6 
Shale, very silty, sandy, yellowish gray to light olive gray; 
disseminated lign!tic matter; sandstone (0.3 m) and lign!tic 
shale .. .. . . . . .. .. . . . . . . , . . . .. . . . .. . .. . .. .. 
Shale, brownish gray; grading upward to lignitic shale, brownish 
black . . . . . 
Shale, brownish gray • • 
Sandstone and siltstone, interbedded; gradat!onal to benton!tic 
shale . . • • .. . . .. . .. . . . . . .. . . .. . .. . • • ~ 
Sandstone, fine; flat and irregular stratification; small-scale 
cross atrats: shale layers 1 cm thick; aome thin, laminated, 





abundant leaf fossils ••••• , •••••••••••• , • • • 2.8 
Sandstone and siltstone, interbedded; yellow brown to 
flatly stratified; layers of siltstone and ahale 3 to 
thick . • • • • .. . , . . . . . . . . . . . . . . . . 
light gray; 
5 cm . . . 3.4 
Total 24.5 
LITTLE BEAVER CREEK MEMBER 
Shale, silty to bentonitic, yellowish gray to light olive gray; 
interbedded with yellowish brown siltstone ~ayers up to 4 cm 
thick; manganosiderite concretions common; about 65 percent shale 




Shale, bentonitic, yellowish gray to light olive gray; popcorn 
texture; IJlllOoth, nonplastlc, cohesive; laminated; grades up to 
brownish black, carbonaceoua shale; forms promlnant bench. .!:.3. 
Total 6.8 
COLG!\TE MEMBER 
Sandstone, very fine, silty, clayey, yellowish gray to light olive 
gray; poorly sorted; friable; large-scale, grouped, planar, parallel 
sets of hlgh-sngle, straight. to weakly concave cross strata grading 
upward to silty sandstone with Irregular, draped atratification and 
rootlets; silty shale also present •••••••••••• , • • 4.7 
Siltstone, sandy, yellowish gray to dark yellowish orange; massive, 
moderately indurated; and shale, silty to bentonitic, pale yellowish 
brown to olive gray; some disseminated lignite; grades up to 
slightly lignitic shale • • • • • • • • • • • • • • • • • • 0.6 
Sandstone, fine; large-scale, grouped, planar, parallel sets of 
high-angle, straight to gently concave cross strata. • • • 3.2 
Sandstone, fine; large-scale cross strata grading into flat 
stratification; shale layers 1 to 2 cm thick in upper 0.3 m . . 
Sandstone, fine; large-scale; grouped, planar, parallel sets of 
1.6 
high-angle (23° to 28°), straight cross strata • , • • • • • • 1.6 
Sandstone, fine; ripple cross strata; grades up to shale layers 
up to 2 cm thick • • . • • • • . . . .. .. • . . . .. . .. . 0.6 
Sandstone, fine, light yellowish gray; large-scale sets of low-
angle cross strata . .. . . . . . • . .. . . . . . . . . 1.6 
Sandstone, very fine to medium, light yellowish 
large-scale, planar sets of low-angle, straight 
lignite on bedding planes •••••• , •••• 
gray; friable; 
cross strata; . . . 
Sandstone, fine, dark yellowish gray; large-scale, planar sets of 
low-angle (7°), straight cross strata, psleocurrent N 35° E to 
1.6 
N 43• E •••••••••••• , • • • • • • • • • • • • • • 4.8 
Sandstone, flne to medium, light ollve gray to pale yellowish brown; 
flutes, Vs; calcareous, tabular, foreset concretions l m thick; 
large-scale, grouped, irregular sets of high-angle (15° to 29°), 
concave cross strata; flat stratlficstinn (upper phase); erosional 




TIMBER LAKE MEMBER 
METERS 
Claystone to shale, silty, light hrown to medium brown; iron 
stained; grades upward to carbonaceous shale and thln llgnlte 
Claystone, silty; light brown to medium brown 
Siltstone and silt, dark brown 





Shale; highly indurated; fissile; layers up to 4 cm lhlck 1.6 
Ssnd, fine, light yellowish brown; thinly laminated; lnterbedded 
with silt . .. .. .. . .. . . .. . .. . . . . . . . . . . .. . .. . . . 1.6 
Claystone, light yellowish brown; slightly sticky, nonplastic; 
thinly interbedded with fine ssnd up to 10 cm thick. • • • • • 1.6 
Measured Section Y2 
T. 15 N., R. 55 E., Sec. 26, NW\ OF SW\ 
BACON CREEK MEMBER 
Siltstone and silt, sandy, pale yellowish brown; partly 
covered • . .. .. . .. .. .. . . . .. .. . . . . . . . .. . . 2.2 
Sandstone, fine to medium; concretlonary; large-scale, grouped, 
planar, convergent sets of high-angle, straight, cross strata; flat 
stratification (horizontal, discordant) • 4.3 
Sandstone, silty; poorly consolidated 
Siltstone, clayey, and claystone 
2.0 
1.7 
Sandstone, fine; very silty, dusky yellow to light olive gray, and 
siltstone; loosely consolidated • • • • • • • • • 2,1 
Shale, silty, light olive gray to light olive brown •••• , , , 5.9 
MARMARTH MEMBER 
Sandstone, fine to medium; large-scale, grouped cross strata and 
flat stratification (horizontal, discordant) , •••••• , • 8.3 
Sandstone, flne to medium; large-scale, grouped, planar, convergent 
sets of low-angle, straight cross strata , ••• , •••••• , 5, 9 
Sandstone, fine to medlum, dusky yellow; 
scale, grouped, planar and weakly curved 
straight and weakly concave cross strata 
iron stained, large-
sets of hlgh-angle, 
. . . . . . . . 
Sandstone, f!ne to medium, 
cemented, calcareous; flat 
discordant) ••••••• 
light olive gray to yellowish orange; 
stratification (horizontal, . . . . . . . . . . . . . . . . . . . 




to dusky yellow; loosely consolidated • • • • • • • • • 2.1 
Total 24. 3 
LITTLE BEAVER CREEK MEMBER 
Shale, light olive gray; interlaminated, silty, organic shale snd 
ben toni tic shale • . • . • . . . . . . . . . . . . .. . 3. 8 
Sandstone, fine, very silty, yellowish gray; flatly bedded; 
rootlets; sharp base. • • • . • . . . . . . • . . 2.3 
Sandstone, fine, 
planar to weakly 
strata, and flat 
erosional base. 
light olive gray; cemented; large-scale, grouped, 
curved sets of high-angle, weakly concave cross 
stratification (horizontal discordant); sharp, . . . . . . . . . . .. . " . . . . . . . " 
Shale, silty to bentonitic, light yellowish gray; popcorn 




Sandstone, fine, light olive gray; large-scale (0.3 m), planar 
cross strata; siltstone layers 5 to 8 cm thick with ripple cross 
strata . • • . . .. . . . . . • . . . . . . . . . . . 6.1 
Sandstone, fine to medium, light olive gray; large-scale, grouped, 
planar, parallel sets of high-angle (25•), straight cross strata, 
paleocurrent S 60° E; grades upward to very flne sandstone inter-
bedded with siltstone; large-scale, grouped, weakly curved sets 
of low-angle (12°) cross strata end flat stratification 2.0 
Siltstone, and very fine sandstone, interbedded, light olive gray; 
coarsens upward; very-large-scale weakly curved sets of low-
angle, sigmoidal cross strata with lignite on bedding planes; 




Sandstone, fine to very flne, llght olive gray; rlpple and 
climbing ripple stratification • • • • • . • • • • • • 
Siltstone, sandy, clayey, pale yellowish brown; fluted; 
laminated (1 cm) • • • . . . . • . . . . 
Sandstone, fine to very flne, llght gray 
Sandstone, !lne, light olive gray to greenish gray; interlaminated 
with organlc shale and lign!te; flat stratif!cation; erosional 
base • • • . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. 






claste; sharp contacts . • . . . .. . • . . • . . . . . .. . . • . .. 0.3 
Sandstone, fine; flat stratification; lignite on bedding 
planes . .. . . . • . • . . • . . . • .. . • . . . . . .. 1.0 
Sandstone, fine to very fine, clayey, silty light yellowish gray; 
plant fossils on bedding planes ••••• , , , 0.6 
Sandstone, fine, light gray; flat stratification 0.3 
Sandstone, fine to very fine, lignitic; flat stratification; 
loosely consolidated; erosional base· •••••• , • • • • • 0.6 
Sandstone, fine to very fine; interlaminated with shale and thin 
lignite . • . 4 • .. • • • • • • .. • • • • • • .. l,.6 
Sandstone, fine, light gray to light olive gray; flat 
stratification with lignlte on bedding planes; round ironstone 
concretions up to 6 cm in diameter • • • • • • • • • • • • • ~ 
Total 22.4 
TIMBER LAKE MEMBER 
Claystone, silty, light olive gray; grades up to carbonaceous 
clayetone . • . • . • . . • . • . • . . . . • . . • .. . . .. 0.3 
Claystone and clayey siltstone, yellowish gray to dark yellowish 
brown; interbedded; loosely consolidated •••. , •• , , • • 1.6 
Sand and silt, interbedded, moderate yellowish gray; beds 2 to 5 
- thlck; loosely consolidated ••••••• , • • • • • 1.6. 
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Measured Section Y3 
T. 15 N., R. 55 E., Sec. 26, swlr; of NW!r; 
BACON CREEK MEMBER METERS 
Shale. very ~ilty; partly covered . .. . . .. . . . . . . . . . . . 7.2 
MARMARTH MEMBER 
Shale, bentonitic to lign1tic, olive gray to light olive gray; 
thin sandstone beds near base; hard, flss1le; laminated ••• 
Sandstone, fine to very flne, light olive gray; large-scale, 
grouped, planar, parallel and convergent sets and weakly curved 
sets of high-angle, straight to weakly concave cross strata; 
erosional base; gradational top ••••••••• , 
Sandstone, very fine; cemented; flat stratification • 
Sandstone, fine; loosely consolidated; partly covered 
Sandstone, fine to medium; flat stratification (horizontal, 
discontinuous) of up to 0.5 cm layers; large-scale, grouped, 




Sandstone, fine to medium, light olive gray to dark yellowish 
orange; large-scale, planar, convergent sets of high angle (25°), 
straight, discordant cross strata grading up to flat 
stratification (horizontal, discontinuous) ••• , ••• , • 
Sandstone, very fine to medium, moderate yellowish brown to 
light yellowish brown, large-scale, weakly curved to planar, 
convergent sets of high-angle, weakly concave to straight cross 
strata with shale pebble conglomerate; lower part flatly 
stratified (horizontal, discontinuous); upper part cemented , • 
Total 
LITl'LE BEAVER CREEK MEMBER 









brown; laminated . .. .. . . . • .. . . • . . • . . . . . . . • . 1.5 
Shale, silty to bentonitic, Ught olive gray to pale yellowish 
brown, popcorn texture; laminated; light on bedding planes • 4.2 
Sandstone, fine to medium; lenticular; massive 0.3 




Shale, bentonitic; abundant plant fossils; upper 0.6 m siltstone 
and very fine, clayey sandstone with flat and ripple 
stratification • • • • • . • • • • • • • • • • • . • • 2.8 
Total 10 .6 
COLGATE MEMBER 
Shale, bentonitic, light olive gray; lower part very fine sandstone 
and siltstone; flatly stratified • • , • , •• , , • , , • • l.2 
Shale, slightly silty, bentonitic, light brownish gray, brownish 
gray and light olive gray; thinly laminated; dense; slickensides; 
thin (2 en) concretlonary layers; abundant plant fossils • • • 3.2 
Sandstone, very fine, silty, light brown to light olive gray; 
ripple and climbing ripple stratification • 
Sandstone, very fine, shales up~rd • • • . '
• 1.0 
1.6 
Sandstone, very fine; large-scale (0.3 to 0,6 m), planar sets 1.6 
Sandstone, fine, light olive gray; interbedded with siltstone; 
organic matter on bedding planes; la~ge-scale, grouped, planar; 
convergent to weakly curved sets of high-angle (15°), weakly 
concave, tangential croas strata; grades upward to flat 
stratification . . • • . . . . . • . . . . , . . . • . , • . . . 1. 7 
Sandstone, fine, light olive gray; large-scale, planar, parallel 
sets of high-angle (29•), straight, discordant cross strata L6 
Sandstone, fine, light olive gray; large-scale, grouped, planar to 
weakly curved, convergent sets of high-angle, straight to weakly 
concave, tangential cross strata; 5 cm siltstone layers and 
concretlonary layers st top; erosional base • • • , . • , , • • 1,0 
Siltstone, sandy, light olive gray to yellowish brown, concretionary 
layers present; sharp contacts. • • 0.6 
Sandstone, fine; large-scale sets 0.6 
Siltstone, very sandy, llght olive gray to brownish gray; small-
scale, grouped, irregular sets of low-angle, sigmoidal cross strata; 
organic matter on bedding planes ••.•.. , • • • . . . . • . • 0.4 
Sandstone, fine; large-scale, weakly curved sets of low-angle, 
concave, tangential cross strata; grades upward to small-scale 
grouped, weakly curved to irregular sets of low-angle, elgmoidal 
cross strata; organic matter on beddlng planes. • • • • • • • • 0.4 
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Measured Section Y4 
T. 15 K., R. 55 E., Sec. 23, SW~ of SW~ 
MARMARTH MEMBER 
Siltstone, very sandy, yellowish gray; appears mass1ve 
Lignite, brownish black; contacts gradational 
Shale, hentonitic to lignltic, light olive gray; appears 
massive . . . . .. . . . . . 
Siltstone, clayey, yellowish brown 
Shale, brownish gray to olive gray; concretionary layers 
present . . . • . . • • . . . • . . . • • . • • 
Siltstone, very sandy, light olive gray; lenticular 
Sandstone, fine to l!ledium, pale yellowish brown to yellowish 
brown; erosional base ••.••••••..••••.. 









Shale, bentonitic, brownish gray to ?live gray; appears massive; 
more bentoni tic upward • • • • . . . . . . . . • • . .. • 6. 8 
Siltstone, very sandy, pale yellowish brown; lenticular 
Shale, silty; appears masslve . . . . . .. . 
• • • 0.9 
2.4 
Siltstone, sandy, yellowish brown, and sandstone 0.8 
Shale, bentonitic, light olive gray to olive gray 1.2 
Total 14.1 
COLGATE MEMBER 
Shale, silty, sandy, olive gray . . . . . . . . .. . " . . . 
Sandstone, fine, yellowish gray; fines upward; large-scale, 
grouped, planar, parallel and weakly curved sets of high-angle 
straight and weakly concave cross strata; concretions in upper 




Measured Section Y5 
T, 15 N.·, R. 55 E., Sec. 23, SWli; of NWli; 
BACON CREEK MEMBER METERS 
Siltstone and very flne sandstone, clayey, yellowish brown, , • 4.0 
Shale, bentonitic, yellowish gray to dark yellowish orange; flat 
stratiflcation; plant fossils; upper part sandy, silty. • • 4.8 
Sandstone, fine to medium, yellowish gray to grayish orange; flat 
stratification and large-scale (0.2 m), planar to irregular sets 
of low-angle (7° to 9°), concave to eigmo!dal cross strata; upper 
part clayey, poorly sorted, thin lignite present; base flat and 
erosional 5.3 
Lignite • 0.1 
Shale; base silty, poorly sorted, loosely consolidated; m!ddle 
bentonitic, popcorn texture; upper part lignitic 6.9 
Lignite . . .. . . . . . . . . . .. . . .. . . .. . 
Shale, silty to clayey s!ltstone, pale yellowish gray to light 
olive gray and light olive brown, concretionary layers. • • 
Shale, silty, bentonitic and slightly lignitic, dark ol!ve gray; 
o. 7 
• l. 7 
poorly sorted . . . . . . . . . . . . . . . . . 1.7 
MARMARffl MEMBER 
Sandstone, fine to medium, yellowish brown; elliptical 
concretions 6 m above base; large-scale, grouped, planar, parallel 
sets of low-angle cross strata, paleocurrent N so• E •• , • ~ 
Total 22.7 
LITTLE BEAVER CREEK MEHRER 
Shale, bentonitic (base), lignitie (top), light olive gray; 
sllici fied wood • • • • • • • • • • • 
Shale, very silty, light olive gray to olive gray; abundant plant 
fossils . . .. . . . .. . . . . . .. . .. . . . . • 
Shale, bentonitic, light olive gray, to lignitic, olive black • 









Sandstone, bentonitic, sllty (upper part), light olive gray , , 2.6 
Shale, bentonitlc, yellowish gray to light olive gray and olive 
gray; dense, smooth; possibly laminated. • • • • • • 3.3 
Total 13. l 




fine, and siltstone; lower contact sharp; small-
irregular sets of sigmoidal to convex, tangential . . . . . . . . . . . . . . . .. . . . . . 
Shale, bentonitic to lignitic, light olive gray to brownish 
gray . • • • . . • • • . . .. • . 




Sandstone, fine to very fine, light gray to light olive gray; 
large-scale (1,3 to 2 m), grouped, planar, parallel sets of high-
angle (20°), stralght cross strata, sets thinner near top, lignite 
on bedding planes; upper part silty, lignltic; very-large-scale 
sets of low-angle (5° to 10°) cross strata also present in upper 
part ••.•...•......• , . . . . . . . . • . • . . .. 15.1 
Measured Section Y6 
T, 15 N,, R. 55 E., Sec. 15, SE\ of SE\ 
HUFF MEMBER 
Sandstone, oxidized, iron stained; cemented 
Shale, light olive gray to yellowish gray • 
Siltstone, light olive gray to yellowish gray; upper part 
clayey ......... • • • • • • • • • • • · · · · • • • • 
Siltstone, grayish brown to moderate yellowish brown; cemented in 
parts; rubbly • .......... 
Shale, silty to slightly lignltic 












Shale, bentonitic, yellow gray to llght ollve gray; some 
interbedded siltstone •.•••• 
Siltstone, yellowish gray to brownlsh gray; loosely 
. . . . 
consollda ted . • . . . . .. .. . • . . • .. . . . . . . . . . 
BACON CREEK MEMBER 
Sandstone, fine to very fine, light olive gray; lentlcular; flnes 
upward; grades laterally to siltstone; cemented at base; flat 
stratlflcatlon and large-scale (0.25 to 1 m) grouped, Irregular 
sets of low-angle, concave cross strata; flatly bedded lignltic and 
organic matter and very-large-scale sets present in upper part; 
also small-scale (1 to 1.5 cm) grouped, irregular, planar, 




strata . . .. . • . . . . . . . . .. . • . . . . . . . .. . . . . .. 5.1 
Shale, silty (base), bentonitic, Ugnltic (top); abundant 
manganosiderite concretionary layers; grades laterally to 
and sandstone With ripple cross strata ••••••• 
siltstone 
Sandstone, very fine, silty, yellowish gray to dusky yellow; 
poorly sorted; lenticula.r; loosely consolidated • • • • • 
Shale, silty to bentonitic, yellowish gray to olive gray 
Siltstone, clayey, yellowish gray •• . . . . . . 
Siltstone, clayey to lignitic (top), yellowish gray; abundant 
thin concretionary layers • •••••.•••.••..•.. 
Shale, lignitic, to lignlte, brownish gray to brownlsh black 
Shale, silty, yellowish gray; upper l m lignitic 
Shale, silty, light olive gray to yellowish gray 
Siltstone, clayey, yellowish gray 
Lignite • •••••• • 
Shale, yellowish gray 
Siltstone, clayey; parts well sorted 
Shale, bentonitic, llght olive gray 



















Siltstone, yellowish gray 
Shale, slightly lignltic 
271 
Siltstone, clayey, sandy (top); thinly laminated; thin iron 
stained layers; rootlets, plant matter; good marker bed •• 
Lignite, black; lenticular; lower part shaly; good marker bed 
Shale, yellowish gray; base silty and interbedded 
Lignite, shaly 
Shale, lignitic; nonlaminated 
Shale, light olive gray to olive gray 
Siltstone, yellowish gray; interhedded with shale; thin 










fossils .. .. . . . • . . . .. . . . . . . . . . . . . . . l.:.!, 
Total 34.8 
MARMARTH MEMBER 
Shale, silty at base, bentonltlc upward; light gray to light olive 
gray to light olive gray; dense; popcorn texture, upper 0.7 m 
iron stained and cemented; rubbly. • 3.4 
Siltstone. sandy. clayey, light gray 0,6 
Sandstone, cemented; concretionary layers 3.7 
Sandstone, lenticular; fluted; parts cemented; large-scale (1 to 
2 m), planar, parallel sets of low-angle cross strata. 5.0 
Sandstone, cemented; elongate concretions; large-scale, 
convergent sets of low-angle cross strata, paleocurrent 
N 52° E • • • • • .. • • • .. • • • • • .. ,. • • • • • • • 
planar, 
N 50° E to . . . . 
Sandstone, fine to medium, silty; large-scale, planar, parallel 
0.2 
sets of high-angle cross strata • • • • • • • • • • • • • • • • 1.1 
Sandstone, fine to medium, yellowish gray to dusky yellow; large-
scale, planar to irregular, parallel and convergent sets of low-
angle straight to concave. tangential cross strata , . , • 8.3 
Total 22.3 
272 
LITTLE BEAVER CREEK MEMBER METERS 
Shale, lignite.·. 0.9 
Shale, light olive gray 1.7 
Sandstone, yellowish gray; loosely consolidated; lenticular 1.7 
Shale, al!ghtly lignitic, pale yellowish brown to dark yellowish 
brown . . • • . 1.6 
Sandstone, fine, light gray; appears massive 1.8 
Shale (60 percent) and siltstone (40 percent), olive gray; flatly 
laminated (0.3 mm); parts well sorted; rootlets, plant matter on 
bedding planes .... , . . . . . . • . . . . . . . . 0.2 
Shale, bentonitic, light olive gray to olive gray; popcorn 
texture • . • . . • . . . • • . . • . • 3.3 
Shale, very ail ty; poorly sorted; parts bentonltic O. 7 
Total 11.3 
COLGATE MEMBER 
Sandstone, fine, light gray; large scale (up to 1 m), grouped, 
planar to irregular, convergent sets of high to low angle, 
straight to weakly concave, tangential cross strata, lignite on 
bedding planes; also contain very-large-scale sets of low-angle 
(7•) cross strata; thin, discontinuous lignite and abundant 
silicified wood present in upper part • , • , •• , • , , •• , 13.3 
Measured Sectlon Y7 
T. 15 N., R. 55 E,, Sec. 14, SW~ of NW~ 
HUFF MEMBER 
Silt, yellowish gray ...................... . 
Sandstone, fine, dark yellowish orange; tabular concretions at 
base; large-scale, planar to weakly curved sets of low-angle, 
5.2 
straight to concave cross strata; upper part silty, rubbly, • 3,2 
Shale, bentonitic, olive gray to light olive gray, and lignitlc; 
popcorn texture; minute gypsum crystals; gradatlonal from 
underlying silty shale •• , • • • • • • • • • 2.4 
Siltstone and silt, yellowish gray; lenticular 0.5 
273 
METERS 
Shale, bentonitic, light gray to light olive gray, • • • 1.9 
Shale, slightly bentonitic, light olive gray to yellowish gray; 
upper part silty , • • • • • • • • 0.8 
Siltstone, yellowish gray; upper part lignitic • 
Shale, lignltic, and llgnlte, thin, interbedded; some 
silts tone . . ... . • .. • . . . . . . . . . . 
Silt, yellowish gray; thin limonite streaks 
Shale, silty to bentonitic, light olive gray; several thln, 
lignitic shale beds also present; dense, •• 
Sandstone; cemented; elongate concretion trending N 36° E 
Silt, yellowish gray; concretionary layers present 
Shale, slightly lignltic, light olive gray to olive gray 
BACON CREEK MEHBER 
• 
• 
Sandstone, fine, light gray; abunda~t concretions; flnes upward; 
large-scale, grouped, planar, parallel and convergent seta of 
hlgh- to low-angle, straight cross strata; small-scale, grouped, 
curved sets of low-angle, concave croas strata with rlh and furrow 
structures trending N 67° E; very-large-scale, weakly curved sets 








vertically and 30 m long ••• , • • • • • • • • • • • 5.6 
Siltstone and silt, yellowish gray; cemented near top 1,1 
Shale, bentonitic, yellowish gray, popcorn texture; and 
Ugnitic • • • • • •. • • • • 1.0 
Siltstone, yellowish gray 0.4 
Shale, bentonltic (base), light olive gray; and slightly lignitic 
(top), light brownish gray; massive; very hard • , • • • • • • • • 0.9 
Siltstone, sandy, yellowish gray to dusky yellow; flatly 
stratified; rootlets; parts Ugnltic •••••• , • , • 
Sandstone, very flne, light olive gray; cemented; massive; 
dense • • • • . . . . • . • 
Siltstone, cemented, and silt 





Shale, yellowish gray; lignltic near top 
Siltstone and silt, 11gnltic, yellowish gray; poorly sorted; 
rootlets . . . . . . . . . . . . . . .. . . . . . 
Sandstone, very fine, and siltstone, light olive gray; poorly 
sorted; appears massive; clayey at top • 







Shale, silty (base) to lignltic (top), light gray 5.0 
Siltstone and silt, yellowish gray; 8111811-scale sets of low-angle 
cross strata; flat to irregular (draped) stratification; grades 
eastward to sandstone and westward to shale. • • • •••• , 2.4 
Shale, bentonitic; dense; slickensides; grades up to 
siltstone • ••••••• . . .. . .. . . . . . 
Siltstone, clayey, yellowish gray to dusky yellow; parts loosely 
consolidated; concretionary layers; sandy parts possess 
laminations; small~scale, irregular sets of low-angle, concave 
1.3 
to sigllK>idal cross strata, rootlets,.and fossil plants • • • • 1.3 
Shale, bentonitic, light gray to light olive gray; and 
lignitic (upper 0,3 m) 
Lignite, lenticular. , • • 
• • 
Shale, slightly bentonitic, light gray; and lignltic (upper 1.5 m), 
1.2 
0,3 
brownlsh grey • • • • . • • • • .. . . . . . . • • 3,.3 
Shale, silty (base) and clayey, silt (top); grades laterally 
to sandstone , • • • .. . • . . • • .. • . . . . . 3 .3 
Siltstone, clayey; well sorted in parts; loosely consolidated; 
limonlte and jaroslte on bedding planes, • • • • • • • • • 2,3 
MARMARTH MEMBER 
Sandstone, light olive gray; cemented at base; calcareous 
Siltstone, shaly, yellowish brown, and silty shale 
Siltstone, yellowlsh gray; interlaminated sandstone 






Shale, bentonitic, light olive gray, to lignitlc. • • 2.0 
Sandstone, flne to medium; flat stratlflcation; large- and very-
large-scale sets of cross strata •••••• , • , , • 7 .O 
Sandstone; cemented; flat stratification and large-scale (0,3 m) 
planar sets of low-angle, straight cross strata 0.6 
Sandstone, fine to medium, yellowish gray; fluted, Vs; flat 
stratification and mudball conglomerate at base; large-scale 
(0,3 to 1 m), grouped, planar, parallel sets of hlgh- to low-
angle, straight cross strata; sets thin upward; paleocurrent of 
primsry current lineaUons S 55° E • • • , , , , , , , , , , 9. 7 
Total 24.3 
LI'l"l'LE BEAVER CREEK 
Shale, very bentonitic, light olive gray; popcorn texture; 
massive • .. • .. . • • • • • • • • • . • • • . . .. . 1. 7 
Sandstone, fine to medium, yellowish gray; loosely consolidated; 
flatly laminated with siltstone and shale; lenticular ••• , 2.0 
Siltstone, yellowish.gray; manganoslderite concretlonary layers 
up to 1,5 cm thick; otherwise massive •• , , • 2.0 
Shale, very bentonitic, Ught olive gray, to lignitic 0.7 
Shale, bentonitic, light gray; popcorn texture; caps ledge 0,9 
Sandstone, very fine, yellowish gray to light olive gray; lmninated 
with organic and lignltic matter; interlaminated (0.1 to 0.3 mm) 
wlth silty, bentonitic shale and siltstone; wavy stratification 
also . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . 5.1 
Total 12.4 
COLGATE MEMBER 
Lignite, black . . . . . . . . . . • • • 
Sandstone, very flne, sllty, light olive gray; sharp base; upper 
0.6 
part silty shale (50 percent silt) 2.3 
Lignite, silty to sandy, l'IOderate brown; woody 1.3 
Sandstone, flne, light gray to light ollve gray; fines upward; 
large-scale sets and flat stratlflcatlon; shaly sandstone and silty 
to lignitic shale (70 percent shale, 30 percent silt), rootlets 
present ln upper part; hard • • • • • • • • • • • • • • • • • • • 9.4 
Ill 
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Measured Sectlon YB 
T. 15 N., R. 55 E., Sec. 15, NW~ of NE~ 
BAa:lN CREEK MEMBER 
Siltstone; denae; massive, parts cemented 
Shale, silty and lignltic (upper 1 m) •• 
Siltstone, clayey (about 35 percent clay), grayish orange, friable; 
parts well sorted; laminated; small-scale, irregular to weakly 
curved sets of low-angle, weakly concave cross strata, a few minute 
lignitic fragments • • • • • • • • 
Lignite, brownish black, lenticular 
Shale, sllty (lower) to lignltlc (upper 0.9 m) 
Siltstone, clayey, yellowish gray; appears massive 
Shale, lignitic, pale yellowish brown, •• . . . 
Shale, silty to bentonitic, dusky yellow to light olive gray; 
dense; massive • . • • • • . • • • • • •• 
• 
Shale, slightly lign!tic to bentonitic, pale yellowish brown to 
light olive gray; dense; brlttle; sllckenaldes: disseminated 
lignitic matter, some amber , • 
Shale, silty • 
Shale, silty to lign!tic, pale yellowish brown • 
Sandstone and interbedded to interlaminated clayey siltstone (50 













matter; rootlets; fossil plants • • • • 1.2 
Lignite, pale brown to brownish black; woody • 
Shale, silty, light olive gray to yellowish gray; massive 




Shale, slightly sl!ty; olive gray; massive 1,8 
Shale, sllty to lignltic; rootlets, fossil plants 0,6 
Siltstone, sandy, yellowish gray; laminated; small-scale, grouped, 
planar, parallel sets of low-angle, straight to weakly concave 





Shale, carbonaceous to llgnltic, pale brown to brownish black; 
laminated; fossil plant parts, amber; lamina of vitreous llgnlte; 
s0tne minute gypsum crystals along fractures 0.8 
Sandstone; dense; lentlcular 
Lignite • • • • 
Shale, silty to bentonitic and lignitic (upper), yellowish gray 
0.2 
0.2 
to light olive gray; laminated; fossil plants , • • • . . • • • 3.3 
MARMARTH MEMBER 
Siltstone, sandy, yellowish gray; flat to irregular laminations; 
ripple and climbing ripple lamination •• , •••••••••• 
Sandstone, fine to medium, yellowish gray to llght olive gray; 
flat atratiflcation and large-scale, grouped, planar, parallel 
sets of low- and high-angle straight cross strata, and planar 
convergent sets in lower part; upper part silty, flat 
stratification and climbing ripple stratification present, cemented; 
a fev poorly sorted shale partings •••••••••••• 
Total 
LITTLE BEAVER CREEK MEMBER 
Shale, bentonitic to lignltic, brownish gray; massive; lignitlc 
fragments disseminated ••••• , • , ••••• , •• 
Sandstone, fine to medium, silty to clayey; flatly and cross 
stratified; upper part laminated and contains rootlets 
Shale, silty to lignltic; fossil plants ••• 
Sandstone, fine, light gray; lenticular; small-scale, grouped, 
planar, parallel sets of low-angle cross strata. • , , , •• 








minute gypsum crystals • • • • • • • • • • • • .,L1 
Total 10.9 
COLGATE MEMBER 
Sandstone, fine to very fine, yellowish gray; very friable; flat 
stratification; upper part siltstone with 40 percent sand, 







Lignite, brownish black; lentlcular; very hard; vitreous to 
charcoal luster; blocky fracture • • • • • , • • • • 
Siltstone, 
leaves and 
sll t) • • 
sandy, pale yellowish gray to yellowish gray; fossll 
rootlets; some ... ssive, silty shale (50 percent ........................ , ... 




sorted; very friable; flatly lamlnated •• , •••• , • • • • 3.4 
Measured Section Y9 
T. 15 N., R. 55 E., Sec. 10, SW~ of SE~ 
HUFF MEMBER 
Sandstone, fine, yellowish gray; dense; flat bedded 
Siltstone and silty clayatone; partly cemented ••• 
BACON CREEIC HEMBER 
Shale, lignitic, pale brown . . . . • 
Shale, slightly silty; appears 11111sslve 
Siltstone, cemented; lenticular; flatly and cross laminated 
Shale, upper part slightly llgnltic 
Siltstone, yellowish gray; flat, irregular, and cross 
laminations . • • . . • . . . . • . • . . .. . • 
Shale, olive gray to yellowish grya; dense, appears massive 
Siltstone, yellowish gray to grsyigh yellow; flat, irregular, 
and cross lamination . . . . . _. . . • 
Shale, lignltic near top, pale yellowish brown 
• 
Siltstone, shaly •• . . . . . 
Shale, slightly silty, light olive gray to yellowish gray; 
dense; masslve • .•• 
















Shale, slightly bentonit1c, light olive gray to yellowish 
gray; dense; popcorn texture . • • . . .. . . .. . . . . . .. . . . 
METERS 
5.5 
Siltstone, clayey, graylsh orange to dark yellowish orange; 
lenticular; small-scale, grouped, planar to irregular, 
convergent sets of low-angle, straight to weakly concave cross 
strata; upper part lignltic and laminated; parts cemented 2,6 
Shale, lignitic, olive gray to dusky yellow brown; lignitic 
part is woody, vitreous, resinous 1.0 
Lignite, lenticular . . . 
Shale, lignltic; fossil plants 
Siltstone, yellowish gray; irregular to flat lamination; 
rootlets. • •••• 
Shale, lignltic; fossil plants 
Shale, silty to sandy; interbedded sandstone wlth flat and 






Sandstone, fine; dense; sharp contacts; flat bedded Q:.! 
Total 36.6 
MARMARTH MEMBER 
Shale, base silty (about 45 percent silt), light olive gray, 
laminated; bentonitic (middle); and lignitic (top, •• , •• 6.2 
Sandstone, fine to medium; yellowish gray; fines upward; cemented; 
tabular and elongate concretions; flat stratification near base 
(1.2 m); large-scale, planar, convergent sets of high- and low-
angle, cross strata (2,0 m); large-scale, grouped, weakly curved 
sets of high- and low-angle concave cross strata (1,6 m); small-
scale, grouped, planar, parallel sets of high-angle, straight 
cross strata (2.7 m), cemented • • . • . • • . • • . • .. • • . • 7.5 
Shale, ,silty to lignltlc, pale yellowish brown; laminated; 
lenticular .. . .. . . . . . . . . . . . .. .. . . .. . . . . . . 1.7 
280 
Sandstone, fine to medium, yellowish gray; flnes upward, flat, 
eroslonal base; large-scale, grouped, planar, parallel to 
convergent sets of high- to low-angle, straight cross strata 
(2.0 m), flat stratification and concretions (1.0 m); large-scale 
grouped, weakly curved sets of high-angle, concave cross strata 
(2.0 m); small-scale, grouped, planar, parallel sets of low-
METERS 
angle, straight cross strata and flat stratification (1.8 m) 7.4 
Total 22.8 
LITTLE BEAVER CREEK MEMBER 
Shale, lignltic; lenticular 
Shale, silty 
Siltstone; lenticular 
Shale, silty, olive gray • 
Siltstone and very flne sandstone 
• 
Shale, slightly silty, olive gray to yellowish gray 
Lignl te . .. .. .. • . . .. . .. . . .. . . . 
Siltstone; rootlets at base; irregular to flat 
stratification • 
Shale . . • • .. • 










low-angle, straight cross strata • • • • 0.3 
Siltstone, lignltic; laminated; rootlets • 0.6 
Total 9.1 
COLGATE MEMBER 
Sandstone, flne; large-scale, grouped, planar, parallel sets of 
low-angle straight cross strata; planar convergent sets; flat 
stratlflcation; upper part silty sandstone , • • • • • . . • • 2.8 
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Measured Section YlO 
T, 15 N., R. 55 E., Sec. 10, SW!,; of NE!,; 
BACON CREEK MEMBER 
Shale, olive gray; upper 1.2 m lignltk 
Siltstone; flat bedded; lenticular 
Shale; massive; dense; upper 0.4 m lignitic 
Sandstone, fine to very fine; lenticular. 
Siltstone, yellowish gray; appears massive 
Shale, lignltic, pale brown 
Lignite, blsclt , . . . • 
Shale, slightly silty; dense 
Siltstone, sandy, yellowish gray; irregular (draped) 
stratification; rootlets • ............... . " . . . . 











stratification . . • . . . . . . . . .. .. . . . . . . . 2. 5 
Shale, slightly silty, bentonitic, li~nitic, yellowish gray; 
dense; hard; appears massive • , , • 3.2 
Siltstone, yellowish gray; lenticular 1.2 
Sandstone, fine, light olive gray to yellowish gray; eroalonal 
base; flat bedded to massive; upper part silty • • • • 4.1 
Shale, lignltic, slightly silty, olive black to light olive 
brown; dense; disseminated lignite •••••.• , • • 2.1 
Lignite, pale yellowish brown to dark yellowish brown 0.3 
Shale, lignltlc, pale yellowlsh brown to dark yellowish brown 1.6 
Shale, slightly silty, llght olive gray; a few thln, dense 






Siltstone, sandy, yellowish gray; some flat to irregular 
stratification; rootlets. • • . • • . . ...• . . . . . 
Sandstone, fine to very flne, yellowish gray to light olive gray; 
fines upward; large-scale, grouped, planar, convergent sets of 
low-angle, straight cross strata (5 m); large-scale, grouped, 
planar, parallel sets of high-angle, straight cross strata (1 rn), 
cemented; flat stratification (1.5 m); undescribed (5 rn); large-
scale (0.7 m), grouped, planar to weakly curved sets of high-
angle, straight to weakly curved cross strata (2 m); undescribed 
(6 m); large-scale, grouped, planar, parallel sets (1 m); 
undesc:rlbed (3 m); large-scale (0,4 m), grouped, planar, parallel 
sets of high-angle, straight cross strata (2 m); undescrlbed 
(Q, 9 ID) • • • • • • • • • • • • • • • ~ • • '" ' ' ' • • • ' ' ' ' 
Total 




Lignite, black; lenticular; grades laterally to lignltlc shale 0,3 
Shale, lignltic, pde yellowish brown to dark yellowish brown 1,0 
Lignite, brownish gray to brownish black. • • • • • • • • • ~ 
Total 3.2 
COLGATE MEMBER 
Sandstone, silty, clayey, light olive gray; flat 
stratification ......•...•...... . . . 
Siltstone, sandy, clayey {30 percent), lignltic, light gray to 
yellowish gray; poorly sorted; irregular {draped) stratification; 
1.8 
abundant laminations containing lignitic matter 1.1 
Sandstone, fine, light gray; flatly stratified • 1.2 
Measured Section DCl 
T. 15 N., R. 55 E., Sec. 2, NW~ of SE!i; 
LUDLOW FORMATION 
Siltstone, interbedded with silty claystone, light gray to 
yellowish gray and dusky yellow; loosely consolidated; irregular 
and ripple stratification; thln limestone beds, cemented 
Lignite, pale brown to black; powdery to woody ••••• 
PRl!T'l"l BUTTE MEMBER 







Siltstone, sandy, yellowish gray to light olive gray; abundant 
rootlets; grades up to light gray shale ••••••• , • , • 3.0 
Siltstone and shale, interhedded; dusky yellow; a f<'III thln 
sandstone beds; fossil tree trunk (0,3 m di11111eter) in gray shale 
near base . • . • . . . .. • . • . • . . . . . . • • • • • • 6.1 
Shale, bentonitic; interbedded with thin siltstone containing 
rootlets; rubbly; sharp lower contact • • • • • • , 7.0 
Lignite, pale, brown; fossil stems, twigs, leavee 
Shale, silty (base), slightly bentonitic, lignitic (top) 
yellowleh gray; limonite streaks; denee; rootlets . . . . . 
Shale, bentonitic; abundant silicified wood; upper 1.8 m cemented 
0.1 
4.9 
sands tone . • • . • • • . • . . • . . . .. . . • • . . • . 5 • 0 
Sandetone, very fine, pale yellowish gray; lenticular; irregular, 
erosional base With shale pebble conglomerate; elliptical to 
tabular.concretions wlth small-scale, grouped, planar to 
irregular, convergent sets of high angle (15°), straight to 
weakly concave cross strata, paleocurrent S 2• W to S 10• E; grades 
up to climbing ripple and flat stratification • • • • • • 1,4 
Shale, interbedded with siltstone and sandstone; poorly sorted; 
flat bedded; organic matter on bedding planes; limonlte 
streaks .....•.•...• ~ . . • . . . . . . . . . . . . 5.8 
284 
Sil ts tone and shale; very poorly sorted • • • • • , , , , • 
Siltstone, dusky yellow; laterally perslstent; calcareous, 
tabular concretions with small-scale, weakly curved sets of 
weakly concave cross strata; a few thin limonlte and siderite 
concretionary layers 
Lignite • , • 
Shale, bentonitic to lignitic; repetitive layering; fossil 
vertebrates ....................... . 
BACON CREEK MEMBER 
Shale, ail ty, bentonitic, lignitic; pale brown; repetitive 
layering; fossil stems and organic matter • • • • •••• 
Siltstone, yellowish gray to dusky yellow; poorly 
consolidated . . . . . . . . . 
Total 
Lignlte, lower p·art shaly; pale brown to brown black; contacts 
sharp • • , • • • • • • • • • • • • • • • • 
Siltstone and shale, fines upward, yellowish gray; dense; 
massive; limonite stained; parts bentonitic •••• 
Sandstone, fine, yellowish gray; lenticular; pyrite nodules; 
upper contact gradational; very-large-scale sets of 
cross strata •.••.•...•• , ... 
Shale, bentonitic; part of prominent bench 
Lignite •••••••• 
Shale, llgnitic; gradational contacts 
Shale, bentonltic, dusky yellow; oxidized; dense, parts silty 
















Siltstone, sandy 4.4 
Sandstone, fine to medium, yellowish gray; large-scale, grouped, 
planar to weakly curved, convergent sets of low-angle (8° to 13°), 
stralght to concave, tangential cross strata; intraformational 
conglomerate in silty part at 10.5 m above base; upper part clayey 
and laminated with organic matter; paleocurrent N 52° E • • • • . 10.6 
285 
METERS 
Siltstone, yellowish gray; transitional lower part 0.9 
Lignite 0.2 
Shale, lignitic 2.0 
Total 36.8 
MARMARTH MEMBER 
Siltstone, sandy; flatly bedded and laminated; top shaly, 
organic • • . . . . • • . . • . • • . . . • • . . . . • . . 
Sandstone, fine to medium, yellowish gray; large-scale, planar 
sets of high-angle, straight cross strata, paleocurrent S 20° E; 
very-large-scale sets of low-angle (4° to 9°) cross strata with 
sllty, organic partings; thin, lenticular, lignite separates cycles 
2.5 
of thla sandstone • . . . . • .. . . . . . . . . . 14.7 
Shale, bentonitic to lignitic, olive gray to pale brown 2.0 
Sandstone, fine to medium, yellowish gray; round and tabular 
concretions; large-scale (0.4 m) planar to irregular and weakly 
curved, convergent sets of high-angle- (19°), straight to weakly 
concave, tangential cross strata, paleocurrent S 46° E; plane bed; 
intrafonnational conglomerate; top 3 m of sandstone: silty and 
interbedded with shale and siltstone, yellowish brown to dusky 
yellow; limonite streaks, sideritic, limonitic, jarositic 
concretionary layers; ripple lamination; organic matter on bedding 
planes; also very-large-scale sets of low-angle (8°) cross strata 
present . . • . • . . • . . . . . .. .. .. . . • . . . . . . . . . • 7.6 
Measured Section DC2 
T. 15 N., R. 55 E., Sec. 1, SW~ of SW~ 
LUDLOW FURMATION 
Sandstone, partly covered 
Siltstone, partly covered 







PRETTY BUTTE MEMBER 





Siltstone, very aandy (base), to shaly (top); appears massive • 4.4 
Sandstone, fine to very fine, clayey, light olive gray; poorly 
sorted; large-scale (1.5 m), grouped, weakly curved sets of high-
angle weakly concave cross strata, paleocurrent S 40° E; tabular 
concretions at top; erosional base • , 10.5 
Lignite, lenticular . .. .. . . . . . • • 0.1 
Shale, bentonitic to lignitic (1.8 m) 2,9 
Siltstone, sandy; poorly sorted; cemented 3.3 
Sandstone, fine; flat, erosional base; large-scale (0.3 m), 
grouped, planar to irregular, convergent sets of high-angle (17•), 
weakly concave, tangential cross strata, paleocurrent S 20• E; 
concretions and ,fossil turtle 12 m above base; very-large-scale 
sets with ripple stratification and siderite concretions on 
bedding planes; flat stratification and small-scale, irregular 
sets of weakly convex ripple croaa strata; clay nodules; at 13 m 
above base, large-scale (0.3), grouped, weakly curved and planar 
sets of high-angle (15°), concave cross strata in elongate 
concretion trending S 2• E; some flat stratification (plane bed); 
very-large-scale sets of low-angle (2" to 10°) cross strata 
trending N 30" E, defined by dusky yellow siltstone and bedded 
organic matter on partings; at 22 m above base, very flne sandstone; 
large-scale grouped, planar to weakly curved, convergent sets of 
bigh-angle, concave cross strata; small-scale, irregular sets of 
low-angle, aigmoldal cross strata; top of sandstone very clayey 
and poorly sorted • . . . . .. . . . . . . . . • . • . . • . . • . 24. I 
BACON CREEK MEMBER 
Lignite •••• 
Shale, silty to slightly lignitic 








Shale, silty (20 percent), and siltstone, interbedded, yellow!sh 
gray to light ol!ve gray; m!ddle bentonitlc, top lign!t!c; 
rootlets; vertebrates • 2.6 
Lignite . . . . . . . • 
Shale, silty, light olive gray; very dense; laminated; large 
roots; ripple stratification; foss!l vertebrates ••• 
Siltstone and very fine sandstone, light olive gray to olive 
gray, very dense; upper 0,4 m slightly lignitic; fossil 
vertebrates • . . . . . .. . . . . . . • • -a; • • • 
Shale, very silty; fissile; grades up to slightly lignitic 
shale • 
Lignite • 
Shale, very sllty, upper 0.4 m lignitic 
Siltstone, upper part shaly, yellowish gray; wavy rlpple, and 
climblng ripple stratification; rootlets 
Lignite . . . . . . . .. . . . 
Shale, bentonitic to lignitic 
Lignite; laterally persistent 
.. .. . . . 
• 
Shale, silty, interbedded with s!ltstone (1 m); grades up to 
lignitic shale .•••..• , ......... . 
Siltstone, sandy, yellowish gray; poorly sorted 
. . . 
Total 
MARMARTH MEMBER 
Lignite, clayey, black; dispersed sulfate crystals ••• . . . . 















fos all stems, twigs, roots • • , • 1. 7 
Siltstone, sandy, poorly sorted • • 
Sandstone, fine to very fine, light olive gray to olive gray; 
basal 1,5 m flatly stratified, poorly sorted; next 3.0 m clayey, 
silty sandstone with ripple, flat, and irregular stratification, 
jarosite nodules and rootlets; upper part flatly and cross 
1.6 
laminated with organic and lignitic matter •• , , •• , ••• , 6,0 
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Measured Section DC3 
T. 15 N;, R. 55 E., Sec, 12, SW!,; of NW!,; 
LUDLOW FORMATION 
Siltstone, shaly to lignltic (0.3 m near base), yellowish gray 
to dusky yellov; lllllonlte streaks, flatly interbedded • 
Lignite, silty; dense to powdery . . . . . . . . . . 
PRETTY BUTTE MEMBER 




lignitic, pale brown to black •• , • • • • 3.1 
Total 3.1 
HUFF MEMBER 
Sandstone, fine to very fine; parts poorly consolidated; large-
scale, grouped, planar, parallel sets of high-angle cross strata 
in elongate concretion trending S 51° E; large-scale (0.2 m), 
irregular to weakly curved sets of high-angle cross strata, 
paleocurrent S 7° E; very-large-scale sets of low-angle (11°) cross 
strata, trend N 50° E, partings of organic matter, siltstone, 
and shale, flat to irregularly (draped) stratified; cross stratum 
0.2 m thick, thin upward; at 13.5 m above base, lignltic silt and 
sand . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Shale, silty, bentonitic, and lignltic, flatly interbedded with 
siltstone and sandstone, limonite streaks, poorly sorted; 
dense; coprolites, turtle carapace; sequence repeats itself 
about three tim.ea • • • • . • .. . • . • • • . • .. . • • • • • 
Sandstone, fine, light olive gray; fines upward; large-scale, 
grouped, planar to weakly curved, convergent sets of high-
angle (23°), straight to weakly concave, tangential cross strata 
in elongate concretion trending due south; abundant vertebrate 
fragments; small-scale, grouped, planar, parallel, and irregular 
sets of high-angle (18°), sig1110idal cross strata, base partly 
truncates underlying siltstone •• , ••••••••• . . 
Shale and siltstone, interbedded; dense; limonlte streaks; 
rootlets; limonlte and jarosite nodules at 12 m above base; flat, 




lignltic silt layers near top ••••••••.• , • • • • 11.0 
289 
METERS 
Shale, very sllty to lignltic (top); a few shaly siltstone beds; 
limonlte streaks; abundant vertebrate fragments, •••• , , , , 2.9 
Siltstone, sandy to clayey, yellowish gray to dusky yellow; 
limonlte streaks; ripple stratification; gradational up to shale; 
parts cemented .... ~ .............. , • • . . .. • . .. 3.0 
Total 48,8 
BACON CREEK MEMBER 
Shale, silty, yellowish gray to light olive gray; dense; 
oxidized 
Lignite • • 
Siltstone, sandy, yellowish gray; parts poorly consolidated but 
mostly compact; ripple and climbing ripple stratification; 
6.0 
0.1 
organic matter on bedding planes; upper part lignltic shale 8.2 
Shale, bentonitic to lignitic; repetitive layerlng with thin 
lignite; third cycle ends at 7.5 m above base; fourth cycle ends 
at 12,3 m; lignltic shale is pale brown; a few vertebrate 
fragment& • • • • ·• 
Lignite. • 
Silt and fine sand; fines up to dense, bentonitic shale • • 
Silt and fine sand; fines up to clayetone and olive gray, 
lignitic shale 
Lignite and lignltic shale • 
· Shale, bentonitic, olive gray 
yellow; limonlte 
• 
Siltstone, sandy, yellowish gray to dusky 
streaks, poorly consolidated; interbedded 
thlck; rootlets • •••..••.•.• , 
shale a few centimeters . . . . .. . . . . . 








and light ollve gray . • . . . . • • . 2. 6 
Lignite, pale brown to dusky yellow brown 0.2 
Total 37 .3 
290 
MARMARTH MEMBER METll RS 
Shale, silty (base), bentonitic, lignltic (top 0.7 m), light 
olive gray; parts poorly sorted, some interbedded, thin lignite; 
abundant vertebrate fragments and fossil plant parts ••• , •• · 4, 1 
Sandstone, very fine to medium, yellowish gray to dusky yellow; 
large-scale (0,8 m), grouped, planar, convergent sets of high-
angle (24•), straight to weakly curved, tangential cross strata, 
foresets extend for tens of meters; large-scale (0.3 to 0.5 m), 
planar, convergent sets of low-angle (9°) cross strata, long 
foreset slopes, a few clay balls and organic matter on bedding 
planes, paleocurrent S 9° E; a few pyrite nodules at 6 m above 
base in clayey sandstone; at 12 m, sandstone grades up to flatly 
laminated siltstone and shale •••••••••• , , • • • • • 14.5 
Measured Section DC4 
T. 15 N., R. 55 E., Sec, 12, NE~ of SW~ 
LUDLOW FORMATION 
Siltstone, yellowish gray to dusky yellow; flat and ripple 
stratification; rootlets; a few thin concretionary layers and 
lignite beds; partly covered ••..••••••.••••.. 
Sandstone, very fine, clayey, light olive gray; lenticular; 
large-scale, grouped, weakly curved sets of high-angle (17°), 
weakly concave, tangential cross strata; top cemented, 
transitional to siltstone • • • • • , , • 
Siltstone, coarse, yellowish gray to dusky yellow; top part about 
half shale; flat lamination; rootlets; thin concretionary 
layers . . , . . . • . . . . . . • . . .. 
Lignite, black; well-developed; fissile 
PRETTY BUTTE MEMBER 
Shale, silty to bentonitic and lignitic; limonlte streaks; a 







Sandstone, fine, light olive gray; flat, erosional base; silty to 
clayey at top; large-scale, grouped, planar, convergent sets 
of high-angle, straight cross strata, paleocurrent S 53° E; 
very-large-scale sets near top; fosslls vertebrate near base. • • 10,5 
291 
Shale, silty to lignitic; dense; llmonlte streaks, roots 
Lignite , • • • . . . . . 
Shale, silty to lignitic 
Siltstone. shale, and lignitic shale 
Lignite , • . . . . . . . . 







oxidized; rootlets; upper part lignitic shale •••• , , • 12.7 
Shale, very sllty (base), lignitie (top); limonite stained; 
vertebrate fragments • • 5.5 
Shale and lignltic shale 1.1 
Siltstone and shale interbedded, upper 1,0 m lignltic 6.0 
Total 48. 6 
BACON CREEK MEMBER 
Siltstone, yellowish gray to dusky yellow 
Shale, lignl tic . .. . . . 
Sandstone, fine to medium, yellowish gray; concretions; erosional 
base; large-scale (O.l to 0.3 m), grouped, planar, convergent 
sets of high-angle; straight cross strata. paleocurrent S 10° E; 
4.5 
0.4 
upper part flatly laminated , , , ••••• , • • 11.2 
Shale, silty to lignitic, and lignite, pale brown 
Shale, silty (base), bentonitic, lignitic (top) • 
Shale, very silty, light olive gray to olive gray 





Siltstone and shale, interbedded, yellowish gray to dusky yellow; 
very poorly sorted base; clayey top , • • 7.7 




Shale, silty (base), bentonltic, lignitic (top) , •• , •••. 
Sandstone, fine to medium, yellowish gray; flnes upward; large-
scale, grouped, planar, parallel and convergent sets of hlgh-
METERS 
1.2 
angle, straight to weakly curved cross strata • • • • • • • • • 10.8 
Measured Section DC5 
T. 15 N., R. 55 E., Sec. 12, SW\ of SEli; 
LUDLOW FORMATION 





Shale, silty to lignltic, olive gray; fossil leaves 2.6 
Sandstone, fine to medium, light olive gray; abundant concretions 
of flat stratification (plane bed); elongate concretions trend 
S 5° E to S 30° E; divided plan matter on sllty partings of 
very-large-scale·sets; ripple stratification; upper 2.3 m sandy 
siltstone .• " ........... • . . . . . • . • . • • • • 1'4.'4 
Siltstone and shale (clayatone), interbedded, dusky yellow; 
flat and ripple lamination; thin concretionary layers. • • 7.8 
Lignite; laterally persistent; some brownish gray lignltic silt 
and lignltic shale; gypsum crystals • • • • • • • • • • • • • • 1.1 
PRETTY BUTTE MEMBER 
Shale and siltstone, yellowiah gray; massive appearing; dense; 
root le ta; lignltic at top • • • • • • • • • • • • • • • 4. 5 
Total 4.5 
HUFF MEMBER 
Siltstone, sandy, dusky yellow; a few silty shale beds; parts 






Shale and siltstone, interbedded; several repetitive sequences: 
one of shale and lignltic shale, about 1 m thlck; and one of 
siltstone, shale, and llgnltic shale • , • • • . • • • • • • • 5.1 
Sandstone, fine to very fine, upper part very silty; cemented 
ripple cross strata, paleocurrent S 59° E; very-large-scale sets 
dippings• to 6° and trending S 40° w; upper part flatly 
stratified siltstone; vertebrate fragments •••••.• , • • • 6.8 
Shale, olive gray to light olive gray; very hard; sllckensldes, 
rootlets; sulfate crystals; a sllty and sandy layer is 
cemented ........ , . . . . . . .. . . .. • . . . .. • . . • .. 0.9 
Shale and siltstone, interhedded; repetitive; from base up: 
siltstone, dusky yellow, rootlets, poorly sorted; llgnltic silt-
stone, dense, massive; shsle, light olive gray, dense; siltstone, 
shale, and sandstone; lignltic siltstone at 7 m; siltstone and 
shale; lign!tic shale st 9 m; siltstone (0.8 to 1 m thick); 
lignitic siltstone (0.3 to 0,4 111 thick) • • • • • • . • 8.9 
Siltstone, sandy, shsly; poorly sorted; a thin, lign!tic 
siltstone layer ls cemented ••••• , , •• , • • • 3.0 
Shale and siltstone, interhedded (from base up); silty shale, 
shale, siltstone, shale, lignitic shale 2.2 
Lignite ••• , 
Shale, lign!Uc 
Sandstone end siltstone, interbedded; jaroslte layers; cemented 
small-scale, weakly curved sets of cross strata; flat 
stratification increases upward with slit and shale content •• 
Total 
BACON CREEK MEMBER 
Shale, silty to lignltic, olive gray; abundant organic matter; 
very thln lignite locally at top • , ••••• 
Lignite, pale brown; poorly developed; dense; large roots 
Shale, very silty (base) to very lignitic (top), olive gray; 
flatly laminated • • • • 












Siltstone, yellowish gray; hard; partly organic; grades up to 
lignitic siltstone end very sllty shale • 2.6 
Lignite, very sllty; poorly developed. 0.2 
Siltstone and shale, yellowish gray; flatly laminated; rootlets; 
shales up to lignitic shale • • • • • • • • • • • • • • • 2 ,8 
Shale, bentonitic to lignltic, light olive gray; brlttle; hard; 
thin concretionary layers with siderite cement • • • • • 1.0 
Lignite, woody to shaly; lenticular; abundant fossil stems, 
leaves, twigs . . . . . . . . . .. . . . . . . • . . . . . . 0. 3 
Siltstone, sandy, clayey; parts loosely consolidated; base 
erosional; jarosite nodules, rootlets; flat lamination; upper 
part lignltic ••• , • , • • • • • • • • • • • 2.7 
Lignite, pale brown to black, powdery to blocky. • 0.2 
Shale, silty, bentonitic, lignitic; hard; rootlets; flat 
bedded • • • • • • • • • • • • • • • 3 .. 8 
Siltstone, dusky yellow; upper part lignitic (0.4 m), pale 
brown to brownish black, ledge former 2.6 
Lignite •• , • , . . . . . 
Shale, lignitic, olive gray • • • • • 
Siltstone, sandy, yellowish gray; moderately to loosely 
consolidated; wavy and flst stratification; some ema.11-scsle sets 
of cross strata; shaly siltstone and silty shale interlaminated 
0.1 
2.6 
near top • • • • • • • • • • • 11 .. 8 
Lignite, sharp upper cont.act £d 
Total 35.4 
MARMARTH MEMBER 
Sandstone, fine to medium, yellowish gray; from bsse up: large-
scsle (.0.4 to 1.3m), planar, convergent, and weakly curved sets 
of hlgh-angle, straight to weakly concave, tangential discordant 
cross strata with bedded organlc matter, paleocurrent due south; 
flat stratificatlon (plane bed); small-scale, grouped, irregular 
sets of hlgh-angle, straight to concave cross strata; and 
jaroslte and pyrite nodules; large-scale sets thln tmorard top and 
sortlng decreases, top conslsts of flne sandstone, slltstone, 
and lignltic shale .. , . . . . . . . . . . . . . . . . . . 8.0 
295 
Measured Section DC6 
T, 15 N., R. 55 E., Sec. 13, NW\ of NE\ 
LUDLOW FORMATION 
Sandatone, fine, clayey, light olive gray to yellowish gray; 
large-scale (up to 1 m), grouped, curved aets of hlgh-angle, 
concave crosa atrata, paleocurrent S 75° E; acme flat 
stratification (plane bed); much rubble of concretionary layers; 
upper part silty • . . • . . • . . . • . . . . . . .. . • 
Siltstone, ahale, and lignitic shale {top); siltstone contains 
limonite streaks, flat, irregular, and ripple stratification; 
interbedded with shale. • • • . • . • • . . . . •••• 
Siltstone, shale, lignitic shale, and lignite; three repetitive 
sequences; abundant fossil plant parts; lignite thin and 
powdery • • . • • • • . 
Siltstone, shale, and lignitic shale 
Lignite . . . . . . . . . . • 







fossil plant parts~. • , • • • • • • • • O. 7 
Sandstone, fine, light olive gray; fines upward; base erosional; 
large-scale (a few tenths of a meter), grouped, planar, convergent, 
and weakly curved aets of high-angle straight to concave cross 
strata, paleocurrent S 20° to 40° E; upper part interbedded silt-
stone, sandstone, and shale • • • • • • • . . . • • • . . • 5.4 
Lignite, clayey, black; soft to papery; laminated; parts 
gradatlonal to lignitic shale ••• , • • • • • • • • 
Siltstone, yellowish gray to moderate yellowish brown; some 
interbedded very fine sandstone and silty shale; upper part 
shaly, lignitic • 
Lignite . . ~ . 
PRETTY BUTTE MEMBER 
Shale, bentonitic, light olive gray 
Shale, lignitlc, pale brown 
Shale, carbonaceous, olive gray 












Siltstone, shaly . . . . . . . . . . . . . . . . . . . . . . . . . 
Sandstone, very f!ne; lenticular; flnes upward; elongate 
concretion of large-scale (a few tenths of a meter), weakly curved 
sets of high-angle (22°), concave cross strata, trends 
METERS 
1.1 
S55°E ••••••••••••••••• 3.8 
Shale, silty to lignitic, olive gray; flssile 
Shale, lignitic; crocodile fossils ••••• 
Siltstone, silty (base) to organic, moderate yellowish brown; 
limonlte streaks; siderite concretionary layers; oxidized 
Siltstone, sandy (base) to shaly and lignitic (top); abundant 
siderite and limonlte concretions; fragments of crocodile and 
dinosaur . . • • 
Lignite • • • 
Siltstone, sandy (base), shaly (top); oxidized, flat and ripple 






thin interbedded lignites • • • • • • • • • • • • • • • • • 4. 2 
Siltstone and very fine sandstone, moderate yellowish brown, 
limonite streaks; aiderite concretionary layers; flat to 
irregular stratification. • • • • • • • • • . • • • • • • • • • 4.5 
Siltstone, sandy, yellowish gray, interbedded; flnes up to 
silty shale that is dense and oxidized; cemented lignitic shale 
at top . • • • • • • . • • • • · • • · • • · • · · • • • • • • 
Shale, slightly silty to organic, pale yellowish brown, dense 
Lignite, pale brown; poorly developed •••••••••••• 
Shale, lignitic (upper part), pale yellowish brown; a few thin 
siltstone layers • ••••••••••.•••• 
Shale and siltstone, fines up to lignitic shale 
Siltstone, shsly; jarosite and limonite lamina 
Lignite, black; fissile to blocky . . . . . . 
Shale and siltstone, flnes up to lignitic shale 












Siltstone, yellowish gray; poorly sorted; grades up to 
lignitlc shale . . . . ............ . 
Total 
BACON CREEK MEMBER 
Lignite, pale brown; poorly developed . . . . .. . . . . . . . . . 







Siltstone and shale, interbedded; l • of siltstone, dense, 
massive, poorly sorted; shale, olive gray, parts lignitlc with 
disssinated organic matter and stms ••••••• , • 2.3 
Shale, organic to lignitic (top), yellowish gray; oxidized; 
limonl te streaks . . • . . . . . . • . • . . . . . . . . . . ... 2.7 
Siltstone; oxidized; compact; rootlets; grades up to hard shale 
and lignltic shal.e • • 1.5 
Lignite ••• , , • • • 
Shale, bentonitic to lignltic 
Shale, bentontic to lignitic, light olive brown 
Lignite, shaly, pale brown ••••••••••• 
Shale, base and tOP lignltic, middle bentonitic 
Lignite; well developed; laterally persistent 
Shale, upper part lignitic 
Siltstone . . . . . . . . • • • 
• 
Sandstone, fine to very fine; loosely consolidated; massive; 
e roslonal base; sharp top . . . . . . . . . . . 
Siltstone, shaly, yellowish gray to moderate yellowish brown; 















Sandstone, fine to medium, yellowish gray; large-scale, grouped, 
planar, and weakly curved sets of high-angle (17°), straight 
and concave, tangential crosa strata, paleocurrent S 10• E; 
METERS 
upper part silty to shaly .. . . . .. . . . . . . . . . . .. . . . • 5.8 
Measured Section DC7 








Siltstone, sandy; parts cemented to poorly consolidated; poorly 
sorted; small-scale, grouped, curved sets of low-angle concave 
3.0 
0.1 
cross strata; erosional base • , • • • • 7 ,0 
Shale, lignitic, and lignite; interbedded 3. 7 
Siltstone, sandy, yellowish gray to moderate brown; loosely 
consolidated; flat bedded , •••••• , • • • • • • , 
Shale, lignitic, and lignite; interbedded; forms thin cycles, 
. . 1.0 
each 0 .. 3 to 0.6 m thick . . . . . . . . . . . . . . . • . 4 .. 7 
Sandstone, fine to very fine, light olive gray; erosional base; 
tabular concretions; forms two upward-fining cycles; first cycle 
to 6 m, second cycle 6 to 12 m; flat stratification (plane bed); 
small-scale, grouped, planar to irregular sets of high-angle, 
sigmoidal cross strata; large-scale, grouped, planar and weakly 
curved, convergent sets of high-angle, weakly concave, tangential 
cross strata and flat bedding, paleocurrent S 70• E to S 57• E; 
very-large-scale sets of low-angle (7°) cross strata dip toward 
paleochannel, trend N 18° E, more abundant in second cycle; first 
eye le laterally gradational to interbedded sandstone, siltstone, 
and thin lignite; top 3 m gradational to siltstone and shale , 15 .O 
Lignite, black • • . . . . . . . . . .. . . . . . ~ . . 0.1 
PRETTY BUTTE MEMBER 
Shale, organic to lignitic, olive gray to pale ye.flowish brown, 




Shale and lignltic 
several repetitive 
siltstone , •• , 
shale, interbedded; olive gray to pale brown; 
sequences of shale, lignitic shale and 
" . . . . .. . . 
Siltstone, shale, lignitic shale 
Siltstone, shale, lignitic shale 
• • • 
Shale, very bentonitic, yellowish gray, 1:1:ght olive gray, and 
olive gray; a fl!lol' siltstone, lignltic shale, and lignite beds in 
cycles about l m thick; middle part very silty, flat stratified, 
rootlets .. • . .. . . . . . . . . .. . . .. .. . . . . 
Sandstone, fine to very fine, yellowish gray; large-scale (0,5 
to 0.7 m), grouped, planar to weakly curved sets of high-angle, 
weakly concave cross strata, paleocurrent S 10° E; upper l m 
siltstone, limonite streaks, interbedded sandstone, siderite 
cone re tionary layers . . . • . • . . • . .. . . 
Shale, silty, bentonitic, and lignitic; from base up: sllty 
shale, lignitic shale, bentonitic shale, lignitic shale, • 









scale sets of cross strata, shale on partings. , • • • • • 1.5 
Total 41.5 
BACON CREEK MEMBER 
Shale and siltstone; three cycles: two of silty shale and olive 
gray, poorly sorted, bentonitic shale and lignitlc shale; one 
of silty shale and siltstone, flatly bedded, lignitlc (2 m) 5,6 
Shale, bentonitic to lignitie . . . .. . . . .. ,. • 1.6 
Siltstone and sandstone, very fine; a few very-large-scale sets 
of cross strata with shale partinga; fines up to shale 8,9 
Lignite, laterally persistent ••••• . .. . . . 0.2 
Sandstone, fine, clayey, and siltstone; poorly sorted; jarosite 
nodules; upper 1,5 m bentonitic and lignitic shale 12.6 
Lignite, blocky; lower part ahaly; laterally persistent 0.3 
300 
Measured Section DCB 
T. 15 N., R. 56 E., Sec. 18, SWlt; of SW~ 
LUDLOW FORMATION 
Siltstone, sandy, dusky yellow, interbedded with shale and 
sandstone; limonlte streaks; siderite concretions; fines up to 
shale; sandy parts cemented • • • • • • • • • • 




Lignite, -u developed, laterally persistent • • • • • • • • • • 0.4 
Shale, very lignltic, brownish black to black 
Lignite •• . . . . . .. . .. . . .. . 
3.5 
0.2 
Siltstone, top shaly, and lignitic shale 1,6 
Sandstone, fine, light olive gray; elongate concretion with 
large-scale, grouped, curved sets of high-angle, weakly concave 
cross strata, trends S 60° E to S 54° E; upper part silty, 
shaly .. .. .. .. . . • • • • .. .. . . . . .. . . .. . .. . . .. . • . . 7. 9 
Siltstone, sandstone, and shale; finea upward wlth more bedded 
lignitic matter at top ·• 4.0 
Lignite ••• . . . . . 
Siltstone and sandstone, interbedded; shaly near top, yellowish 
gray to light olive gray and moderate yellowish brown; two 
repetitive sequences; limonite and siderite concretionary layers 
dip at 4° toward paleochannel, , • , ••• , • . . 
Lignite, pale brown; gradations! upper contact 
PRETTY BUTTE MEMBER 
Shale, silty (base) to lignltic (top); large verbebrate 





Total 7 ,0 
HUFF MEMBER 
Sandstone, fine to very fine, yellowish gray• large-scale 
~urved sets of high-angle, sigmoidal cross sfrsta at 4 5 ~ above 
sse; upper part silty and ahaly; very-large-scale set; f 
strata with shale partings dipping at 10• toward S 25• Wo cross 




Siltstone, yellowish gray to dusky yellow, upper part shaly; 
oxidized; limonlte streaks, erosional top; siliclfled stumps 6,8 
Shale, very silty, olive gray, and lignltic (top); lnterbedded 8.7 
Sandstone, fine to very flne, yellowish gray to light olive gray; 
oxidized; elliptical concretion of large-scale (0,6 m), grouped, 
weakly curved sets of hlgh-angle (16°) concave cross strata with 
bedded organk matter, paleocurrent S so• to 60° E; very-large-
scale sets of low-angle (5°) cross strata (0,2 m thick) with 
silty, organic partings; cross strata thin upward; upper part 
sllty and shaly; rlpple and flat stratification 6.0 
Siltstone and silty, bentonitic and lignltic shale 2.2 
Sandstone, fine to medium, yellowish gray at base, large-scale 
sets of high-angle cross strata; at 6 m, shale and organic matter 
on flat partings; at 9 m, flat and rlpple stratlflcation, 
silty • 9.1 
Lignite 0.2 
Shale, silty, lower part thinly bedded; bentonitic, yellowish 
gray to olive gray; and Ugnltic • , • 3.3 
Lignite . " . . . . . . . 





Lignite . . . . . . . " . . . . . . . . . . ' . . . . . . 0.4 
Siltstone, sandy; flat and ripple lamination; poorly sorted; 
rootlets; upper part lignitlc, cemented 
Lignite . . . . . . . . . . . . . . 
Shale, silty to lignltic (0.5 m), light olive gray and olive gray 
4.7 
0.1 
to pale brown • 4 .8 
Llgnlte 0.3 
Shale, bentonitic up to lignitic 2.8 
METERS 
Sandstone, ve-cy flne, silty, yellowlsh gray; poorly sorted; 
very-large-acale sets; jaroslte and limonlte nodules. . . • 7.0 
Shale, silty to lignitic; a few siltstone beds; erosional upper 
contact • . . • • . • . .. . • • . . , . . . . . 6. 1 
Lignite, black; well developed; laterally persistent 0.3 
Measured Section CCI 
T, 16 N., R, 55 E., Sec, 36, NW~ of SW~ 
LUDLOW FORMATION 
Sandstone, very fine to medium, yellowish gray to light olive 
gray; rllled; tabular concretions; large-scale (0.1 m), grouped, 
curved sets of high-angle (14° to 24°), concave, discordant cross 
strata, foresets 2 to 3 m long, paleocurrent S 40° to 60° E; 
flat stratification (plane bed); sinuous ripple marks; large-
scale, irregular to planar sets of high-angle (22°), cross strata 
near top, paleocurrent S 27° W; large-scale (1 to 1,5 m), grouped 
sets of high-angle, concave and straight, tangential cross strata 
grading up to !1111411-scale, planar, convergent sets at top of 
sandstone • • , •.• 10.6 
Lignite 0.5 
Silt, sandy, clayey • 2.2 
Siltstone and shale, fining-upward sequence, yellowish gray to 
medium light gray; base sandy; top lignitic 4.4 
Lignite, black to pale brown; blocky. . . . 0.3 
Siltstone, sandy (base), clayey (top), moderate yellowish brown; 
parts poorly consolidated • , • • • 6.8 
Lignite, black; fissile to powdery 0.4 
PRETI'Y BUTTE MEMBER 





HUFF MEMBER METERS 
Siltstone, sandy, shaly, fines upwards to shale and lignltlc shale; 
interbedded siltstone, shale lignitic shale; some flatly bedded, 
yellowish gray siltstone with limonite streaks; poorly sorted 
Sandstone, fine, light olive gray; abundant concretions; large-
scale (0.5 m), grouped, weakly curved sets of high-angle, concave 
cross strata; trend of elongate concretion 12 m above base is 
S 47• to 67• E, lignite on bedding planes; Im of flat 
stratification (plane bed); large-scale, grouped, curved sets of 
high-angle cross strata; interbedded very fine sandstone and 
siltstone near top •••• , • 
Shale, lignitic; poorly sorted • 
Sandstone, fine to medium, light olive gray; flnes upward; 
erosional base; subrounded shale clasts near base; concretionary 
layer with calcite, limonite, and eiderlte cement; fossil plant 
end vertebrate fragments; flat strstlfication (plane bed); Iarge-
scale, grouped, weakly curved to weakly planer sets of high-
angle, weakly concave cross strata with 11gn1tic matter on 




strata with lignite on partings, trend S 5° E • • • • • • • • 7.6 
Siltstone, shale, and lignite, interbedded; fines upward; four 
repetitive sequences; siltstone is yellowish gray and sandy; 
shale is olive gray and silty, or pale brown, lignltic, and 
very hard . . . . . . . . . . . . • . . . • . .. • . . . . . .. . • 4 .. 4 
Siltstone, shaly, Umonlte. sta1ned; fines upward to 0.2 m of 
ligni tic shale . . . .. . .. .. .. .. .. . . . . . . . . . . . • • • 4.4 
Siltstone, poorly consolidated, massive; grades up to shale and 
several thin lignlte beds . . . . . . .. . . . . .. . . . .. . . . 4.5 
Total 44.5 
BACXlN CREEK MEMBER 
Siltstone and shale; fines upward; calcareous siltstone concretions; 
ripple lamination; small-scale, irregular to curved sets of low-
angle, sigmoidal cross strata; flat to irregular stratification; 
some thln sandstone layers; upper part silty, gray shale 4.5 
Lignite, flsslle, poorly developed . .. . .. . . 0.2 
Siltstone and very fine sandstone, interbedded; llmonlte streaks, 
concretionary layers; ripple and flat laminatlon. • • • • • • • • 1.0 
METERS 
Shale and siltstone, lignltic, interbedded, pale brown to black; 
upper contact gradational •••••...•• , . . . . . • . 1.9 
Shale, silty {base), lignltic, light gray; hard; alickensides; 
interlamlnated silt; abundant roots and lignitic matter 3.4 
Siltstone, sandy, yellowish gray to dusky yellow; interbedded, 
laminated; limonite stained, parts loosely consolidated, abundant 
sideritic and limonitic concretionary layers; rootlets; large 
vertebrate fossils including turtle carapace; upper part less 
interbedded, parts lignltic, parts shale (half silt) ••• , , 9.1 
Shale, very silty, and siltstone; hard; layered; limonite 
streaked; shale is sandy to silty, flatly laminated, several 
lignitic beds 0,2 to 0.3 m thick; siltstone is interbedded with 
sandstone, yellowish gray to dusky yellow; top of sequence is 
lignitic shale • 8.7 
Lignite, black 
Shale, lignitic • 
• • 
Sandstone, very fine to fine, yellowish gray to interbedded with 
siltstone; erosional layers near base contain rounded shale and 
0.2 
0.9 
lignitE fragments, flat lamination; ·rootlets; finea upward • 4.3 
Total 34.2 
MARMARTH MEMBER 
Lignite, silty; poorly consolidated; poorly developed locally 
but laterally persistent. • • . • . .••••• ~ •••• 
Shale, lignitic, very silty, light olive gray to pale brown; 
0,2 
laminated; abundant stems and roots , •• , • • • • • • 1.0 
Sandstone, very fine, silty to ehaly, light olive gray 
yellowish gray; flnes upward; very-large-scale sets of 
(6° to 7°) cross strata wlth bentonltic shale partlngs 
and more frequent near top of sandstone, trend N 55• E 
Measured Section CC2 





. . . . . 4.8 
Sandstone; no discernible structures; partly covered. • • • • • • 4.S 
305 
Sandstone, fine, yellowish gray to light olive gray; erosional 
base; very-large-scale sets; upper part poorly sorted, very 
METERS 
silty; easterly trend • , 7.5 
Lignite, black; perslstent 0.4 
PRETTY BUTTE MEMBER 
Siltstone, sandy (base) to shaly and lignitic (top) . .. . . .. . . 
Total 4.8 
HUFF MEMBER 
Sandstone, fine to very fine, clayey, yellowish gray to light 
olive gray; parts poorly consolidated; abundant concretions; 
erosional base; parts poorly sorted; large- and very-large-scale 
sets . .• • • • . . . . . . . . . . . . . ' . . . . ,. . . . . . 
Sandstone, fine, light olive gray; large calcareous concretions; 
large-scale, weakly cur:ved sets of cross strata, paleocurrent 
N 87" E to easterly near top of unit, sets thin upward; small-
scale, planar, convergent sets; some flat stratification (plane 
25.2 
bed); top silty, shaly, lignitic, and concretionary 11.9 
Siltstone. sandy; loosely consolidated; jarosite nodules 
Lignite 
Shale, silty, olive gray; poorly sorted • 
Lignite . . . . . . . .. . . . .. . . . . 
Shsle, silty, olive gray; poorly sorted 
BACON CREEK MEMBER 
• 
Total 
Sandstone, fine, yellowish gray; fines upward; tabular, calcareous 
concretions; fish vertebra; large-scale, grouped, weakly curved 
to weakly planar sets of high-angle weakly concsve to stralght 
cross strata, paleocurrent S 62° E; lntraformational conglomerate 
(0.5 m) of shale pebbles; large-scale (1.5 m), planar to weakly 
curved sets with organic l!l!ltter on bedding planes, long foreset 
slopes, abundant shale clasts and pebbles along base of cross 











Siltstone, yellowish gray; fines upward to shale and lignite 
shale in upper (1.3 m); abundant vertebrate fragments; jarosltic 
METERS 
and limonltic concretions; erosional top 3.3 
Siltstone, shale, and lignltic shale 2.9 
Lignite; laterally persistent . . . 
Shale, silty to lignitic, and lignite, thin; a few thin siltstone 
and sandstone beds, yellowish gray, flatly bedded; thin, limonitic 
0.3 
concretionary layers . .. . . . . .. . . . . . . . . . . . . . . . . 4. 8 
Shale, light olive gray to medium light gray; carbonaceous 
sequence; parts silty and sandy, brittle, fines up to lignitic 
shale (0,2 m), pale brown; vertebrate fossils; rootlets 4.8 
Shale, slightly lignitic. 1.0 
Shale, slightly silty; laminated; hard; poorly aorted; limonite 
streaks, rootlets ••• , • , • , 1.8 
Lignite, black; laterally persistent 0,5 
Shale, lignitic . . . . . . . . 
Siltstone and shale; siltstone is sandy, yellow gray to dusky 
yellow, flatly stratified, rootlets; upper part of unit is shaly, 
0.6 
lignitic; base is erosional • • • • • • 1.6 
Lignite, brown to black; well developed 0.5 
Total 32.6 
MARMARTH MEMBER 
Sandstone, fine, silty, yellowish gray; top shaly; very-large-
acale sets of sigmoidal cross strata •• , •• , • , • • • • • 2,0 
Measured Section CC3 
T, 15 N., R. 55 E., Sec, l, NE!,; of SE\ 
LUDLOW R>RMATION 
Silt, grayish yellow; partly covered 
Claystone, partly covered 
2.5 
7.0 
Silt, partly covered •••• . . . . . . . . . 
Shale, silty, medium gray to light olive gray; lenticular; poorly 
METERS 
4.0 
sorted, grades laterally to cemented sandstone; erosional base 8.5 
Lignite . . . . . . . . . . . . . .. . . . . . . . .. . . . 0.2 
Siltstone (base) and shale (top), dusky yellow to dark yellowish 
orange; siltstone flat bedded and interbedded with thln shale 7.5 
Sandstone, fine to very flne, silty, light olive gray; thln 
repetitive concretionary layers; repetitive, evenly bedded flank; 
some 61!1811-scale sets of cross strata 4.8 
Lignite, black to brownish black; papery 0.1 
Siltstone and shale (top), dusky yellow; flat bedded 5.8 
Lignite . . . . . . . . . . . . . . . . . . . . . . 0.2 
PRETTY BUTTI! MEMER 
Shale, silty to lignltic; poorly sorted; limonlte streaks and 
concretionary layers; upper 0.4 m lignitic. , • • • • • • • 3.2 
Total 3.2 
HUFF MEMBER 
Sandstone, fine up to very fine, light olive gray to yellowish 
gray; large-scale, planar, convergent sets of high-angle (15°) 
cross strata with lignltic matter on bedding planes; paleocurrent 
S 85° E; very-large-scale sets of low-angle (13°) cross strata, 
dip N 40° W to north; near top, siltstone and organic matter more 
abundant, flat, irregular, and ripple lamination; very-large-
scale sets also more abundant and thinner; top gradational to 
lignitic silt . • • • • ••••••••••••. ~ • . 13.l 
Shale, lignitic shale, and lignite; oxidized; poorly sorted; 
interbedded; shale beds 1,5 m thick, lignitic shale 0,7 to 1,0 m, 
and lignite (0.3 to 0,5 m); lignite is lenticular; vertebrate 
fragments 4.5 m above base; dusky yellow siltstone 8 m above 
base • • • • • • • • • • .. • . • • • • 12 .0 
Shale, gray; poorly sorted; limonlte stained 4.5 
Lignite . . . . . . . . . . . . . . .. .. 0.2 
308 
METERS 
Shale and siltstone, interbedded; parts poorly sorted; siltstone, 
interlsmlnated with sandstone, shale, and lignite; flat to 
irregular stratification; rootlet zone 2 m thick • • • • • • • • • 6.8 
Sandstone, fine to very fine, yellowish gray to light olive gray; 
tabular concretions; large-scale (0,5 m), planar, convergent 
sets of high-angle (22°), straight cross strata, paleocurrent 
S 35• E; fines up to siltstone (2 m thlck) and silty shale with 
flat and ripple stratification; rootlets , , , , , , , •• , 10. l 
Total 46.7 
BACON CREEK MEMBER 
Shale, poorly sorted; some lignltic silt and lignltlc shale with 
gypsum crystals , , •• , •••• , • • 4.5 
Lignite, pale brown; weathers into relief 0.1 
Siltstone, shale, and lignltic shale. 3.7 
Lignite, par ta sll ty; papery, flsslle • 0.1 
Shale and siltstone; hard; limonite streaks; silts up 2,2 
Siltstone, sandy to clayey (30 percent cfay) yellowish gray; hard; 
interbedded with sandstone; limonite streaks, rootlets; shales up 
to lignitic shale (0.4 m), shale (0.8 m), and lignitic shale 
(0,4 m); topped by ceaented lignltic siltstone, poorly sorted 4.5 
Lignite, sandy to silty, pale brown to black; woody; laminated and 
poorly sorted . . . • . . . • • . . . . • . . . .. .. . . • 0 .. 3 
Shale, yellowish gray; lower part interbedded with siltstone, 
middle part bentonitic, and upper part lignitic , • • • • 2.4 
Shale, light olive gray; lower part interbedded vith siltstone, 
middle part bentonitic, upper part slightly lignltlc. 2.2 
Shale, upper part slightly lignitic ••••••• 
Silstone and silty shale, yellowish gray; cemented to loosely 
consolidated • • • • • 







Siltstone, shale, and lignitic shale; siltstone ls 1.5 m thlck, 
interbedded with very flne sandstone; shale is olive gray; 
overall poorly sorted, flatly stratified, rootlets, erosional 
base • .. • • .. .. .. .. .. • 3.9 
Lignite, brown to black 0.6 
Total 27.9 
MARMARTH MEMBER (7) 
Shale and lignltic shale . . . . . . .. .. .. . " ~ 
Sandstone, fine to medium, clayey (top); yellowish gray; flnes 
upward; large-scale (0.2 to 0.5 m), grouped, planar sets of hlgh-
angle straight, tangential cross strata and irregular sets of 
straight to concave cross strata, paleocurrent S 15° W; pyrite 
0.9 
nodules at 6 m above base; very clayey at 12 m, .•.•.• , • • 12.0 
Measured Section CC4 
T, 16 N., R. 55 E., Sec. 1, SE!i; of SE!i; 
LUDLOI/ FORMATION 
Silt and siltstone, yellowish gray; partly covered; grades 
laterally to sandstone ••••••••• , 
Lignite, black; powdery; laterally persistent 
Shale and claystone, silty (base) to lignltic (top 2.3 m) 
Siltstone, sandy, and shale; flnes upward 






Siltstone, sandy, and shale; fines upward; erosional base 1.9 
Siltstone, sandy to shaly; interbedded with sandstone and shale; 
fines upward; beds laterally persistent; parts cemented 3.6 
Lignite, black; laterally persistent •• 0.2 
PRETTY BUTTE MEMBER 
Shale, bentonitic up to lignitic (2 m), .llgh t olive gray • • • , • 2. 7 
310 
METERS 
Shale, masslve to interbedded w-lth very thin lignlte. • • • 3.0 
Total 5.7 
HUFF MEMBER 
Siltstone, shaly; compact; lamlnated; fines up to gray, lignltic, 
shale , .. .. . . . .. .. . .. . .. .. . . . . .. . . . 2. 8 
Sandstone, fine, light olive gray; flat stratlflcation (plane bed) 
and large-scale, weakly curved sets of high-angle, concave, 
tangential cross strata, paleocurrent S 35• E; very-large-scale 
sets of cross strata dipping S 25° W, silt and shale partings; 
some ripple lamination; top silty • • • • 7.5 
Siltstone and shale, gray; hard; laminated; fines upward 3.1 
Sandstone, fine, light olive gray; large-, very-large-, and small-
scale cross strata; ripple lamination near top; flat · 
stratification near base. • • • • • • • • • • • • • • • • • • 7.5 
Shale, lower part interbedded wlth sandstone and siltstone (1 m); 
grades up to gray shale and pale brown, hard, lignitic shale 
(0.6 111) • • • • • • • •. • 3.1 
Lignite, lenticular 0.5 
Shale, slightly silty (top) to bentonltic, yellowish gray to olive 
gray; hard .. . • . • . . . . . . . . .. . . .. • .. .. • • 4 .. 3 
Siltstone, sandy, dusky yellow; interlsminated with sandstone 
(base) and shale (top); lignitic near top • • • • • • • • • • 6.0 
Sandstone, fine, clayey, light olive gray; large-scale, grouped, 
irregular sets of high-angle straight, tangential to discordant 
cross strata with lignite on bedding planes; abundant vertebrate 
fossils (gar. crocodile) . .. . . .. .. . .. . . . . .. . . . . . .. . 4.8 
Siltstone, massive to flatly bedded; poorly consolidated; jarosite 
nodules; upper part gradationsl to sandstone; abundant vertebrate 




BACON CREEK MEMBER 
Lignite, pale brown; flsslle, •••••• , •• 
Shale, oxidized; hard; poorly sorted; laminae of slltstone and 
METERS 
0.3 
lignltic shale present , •••• , • • • • • • • . • • • 3.2 
Siltstone, shale, and lignltic shale; siltstone is yellow gray; 
shale ls massive; lignltlc shale is silty 3.6 
Shale, lignitic . . . . .. . . . . 
Shale, gray; poorly sorted; top lignltic 
Lignite, pale brown; woody 
Shale, lignitic . . 
Siltstone, sandy, yellowish gray to dusky yellow; poorly sorted; 





flank interbedded with sandstone and shale •••• , •••• , , 3.0 
Sandstone, fine, clayey, yellowish gray; base erosional; large-
scale, grouped, planar, convergent sets of high-angle, straight to 
weakly concave cross strata, paleocurrent S 55° E; top shows flat 
shale partings and lignltic shale • • • • • , , • 7. 9 
Lignite, black to pale brown; laterally persistent 0.6 
Shale, Ugnitic . . . . . . . . . . . . . . • 1.7 
Measured Section CC5 
T. 15 N., R. 56 E., Sec, 7, SW~ of NW~ 
LUDLOW FORMATION 
Sandstone, fine to medium, yellowish gray to dusky yellow; 
calcareoua concretions; large-scale (1,5 m), planar, convergent 
sets of high-angle (18° to 23•), weakly concave, tangential cross 
strata, paleocurrent S 30• E; ripple lamination ••••• , • , • 12.0 
Siltstone, shale, and lignite; interbedded; three repetitive 
sequences (base up): 4.0 m of siltstone, interlaminated, shale, 
and llgl\ite (0,3 m); 1.6 m of siltstone, shale, and papecy 
lignite (0.3 m); 2.5 m of lnterbedded siltstone and shale and 
shale and lignlte (0.1 m) • • 8.1 
Lignite, laterally persistent 0.5 
;i12 
PRETrY BUTTE MEMBER METERS 
Shale, slightly sllty (base) to lignitic (top); poorly sorted; 
several thln siltstone beds. , •• , ••• , •.•••• , 4.6 
Total 4.6 
HUFF MEMBER 
Slltstone, shaly .. . . .. . . . . . .. 
Sandstone, flne to very fine, yellowish gray; at base, flat 
stratiflcation (plane bed); large-scale cross strata with lignite 
on bedding planes; at 7.5 m, small-scale, planar, convergent and 
curved sets of hlgh-angle cross strata, paleocurrent S 50° B; 
4.0 
at 9 m, silty, poorly sorted; at 11 m, siltstone and shale • , • 14.2 
Shale and siltstone, olive gray; lower part lignitic; upper part 
flatly laminated; sideritic concretionary layers; erosional 
t<lJ) .. • • • .. • • • • • .. . . . . . . . . . 
Sandstone, fine to very fine; erosional base with shale pebbles; 
thin, large-scale sets of weakly concave cross strata; fines 
upward to siltstone, shale, and lignitic shale 
Lignite, laterally persistent. 
Shale, olive gray; parts oxidized 
• 
Siltstone and shale, fines upward; base up: lignitic slltstone, 
very sllty shale, shale, and lignltic shale •••••• 
Shale, sllty (base) to lignitic (top), light olive gray 
Sandstone, fine to very flne, yellowish gray to light olive gray; 
flnes upward; flat and cross stratification; fossil vertebrates 
(dinosaur, crocodile, gar); base erosional; top 2 m silty, 









BACON CREEi( MEMBER 
Shale,-slightly lignltic 
Lignlte, laterally perslstent 
Shale and lignite; poorly interbedded; slightly silty; flve to 
slx thln, pale brown lignite beds (0.3 to 0.4 m thick); repetitive 
O.J 
0.4 
layering of silty, shaly, and lignltic components •••••• , • 9.8 
313 
METERS 
Siltstone, and very sllty shale, interbedded, olive gray; poorly 
sorted; base eroslonal; top gradatlonal to shale; some lignitic 
silt; thin concretionary layers present at top , • , , •• , • • 7.6 
Sandstone, fine, yellowish gray; shales up; large-scale, grouped, 
planar to irregular, convergent sets of high-angle, weakly 
concave, tangential cross strata; top poorly sorted, silty, 
shaly . .. • • . • • . . . . . . . . . . . . • . . . . . .. . 7. 3 
Siltstone and shale, yellowish gray to dusky yellow; fines up to 
bentonitic and lignltic shale , , • , 4.0 
Lignite, brown to black; laterally persistent 0.5 
Shale, lignitic, pale brown . . . . . . . . . 
Measured Section CC6 
T. 15 N., R. 56 E., Sec. 7, NE~ of SW~ 
LUDLOW FORMATION 
Silt and siltstone, pale yellow; poorly consolidated; parly 
covered .. . . ' .. . . . . . . . . 
Sandstone, fine, yellowish gray to light olive gray; flnes 
upward; abundant elliptical concretions; large-scale, grouped, 
curved sets of high-angle concave cross strata; upper part 
1.0 
3.0 
(4 m) interbedded, silty, shaly, and lignitic 12.8 
Lignite, laterally persistent; weathers to relief 0.3 
Siltstone; poorly bedded; rootlets; shales up, erosional base 3.6 
Llgnite, pale brown to black; laterally persistent • • • 0.6 
Siltstone, upper 2 m shaly and llgnitic, base erosional 4.7 
Lignite, black; papery; ledge former •• • • • 
Siltstone, massive; upper part cemented, shaly and lignitic 
PRETTY BUTTE MEMBER 








Sandstone, fine, light ollve gray; flnes upward; upper part very-
large-scale sets wlth clayey, lignltlc partings dipping at 8° 
tQWard S 20° W; thin large-scale, planar convergent sets, 
paleocurrent S 70° E; ripple atratiflcatlon, small-scale, irregular 
sets with bedded organic matter; fossll vertebrates (turtle); top 
increasingly lignitic and shaly •••••• , • , , •• , ••• 
Shale, silty (base) to bentonitic (middle) and lignltic (top); 
gypsum crystals • . .. . .. • . . ... , • . . • . . ... 
Sandstone, fine to very fine, light olive gray; abundant 
calcareous concretlons; base flat and erosional .with shale pebble 
conglomerate and cemented plant parts; large-scale (0.3 m), 
irregular to weakly curved sets of high-angle cross strata 
with abundant shale clasts; very-large-scale sets wtth siltstone 
partings, dip tQWard southwest; nodules and manganosiderite 
layers; more large-scale (0,3 to 0.6 m) irregular, to planar and 
weakly curved sets of high-angle (24°), slgmoidal cross strata, 
paleocurrent S 33° E; flat stratification (plane bed); top is 
very fine, clayey sandstone • • • • • 
Shale, bentonitic 






abundant rootlets; top lign!tic .. ,. • . . . . . . . . . . . . 1.3 
Shsle, slightly sandy; massive; hard; limonite streaks; 
disseminated llgnitlc matter; rootlets • • • 
- Lignite . . . . • . • 
Shale, olive gray; poorly sorted; interbedded 
(0.2 m), pale brown lignites; fossil stem and 
fragments, rootlets • . . . . . .. . .. 
with several thin 
other plant . . . . . . 
Lignite, silty, woody, pale brQWO . . • . 
Siltstone, yellowish gray to grayish oran~e; laminated; flat 
bedded; compact; jarosltic; grades up to and interbedded with 






ligni tic, sharp con ta.ct • . . . . . . . . . • . . . . . .. . . . 4. 0 
Sandstone, fine to very fine, yellowish gray; parts cemented; 
large-scale, planar to weakly curved sets of high- and low-angle 
cross strata at 6 m above base; grades up to small-scale, curved 
sets of hlgh-angle concave cross strata; top clayey, silty; 
large vertebrate fossils and siliclfled wood present • • • • • • hl 
Total 45.7 
315 
BACON CREEK MEMBER 
Llgnite, black to brownish black; laterally persistent 
Shale and lignite, interbedded; shale is bentonitic to 
lignitic . . . . . . . . 
Lignite, lenticular • . • 
Siltstone, sandy, yellowish gray; poorly sorted; massive; 
lignltic near top . . . . . . . . . . . . . • . 
Lignite, pale brown; weathers to a ledge . . . 
Shale, ligni tic; massive . . . . . 
Lignite; lenticular . . . • . . • 
Shale, silty (base) to lign:l.tic (top); massive . . . . • 
Lignite, woody . . . . . . • . . . . . . . . 
Shale, bentonitic to lign:l.tic . . . . 
Sandstone, fine to medium, yellowish grsy; fines upward; large-
scale, grouped, planar, convergent, and weakly curved sets of 
















siltstone, sandy and shaly ••••• ·• . • • • • • • • • • • 10.5 
Measured Section CC7 
T. 15 N., R. 56 E., Sec. 7, SE!,; of SW~ 
LUDLCM FORMATION 
Siltstone and clayatone; partly covered; two repetitive cycles 
Sandstone, fine to medium, yellowish gray to light olive gray; 
fluted; base: large-scale (0.3 to 0.6 m), planar, convergent 
12.0 
sets of hlgh-angle (26°), straight to weakly concave cross strata, 
well sorted, paleocurrent S 68° E; small-scale sets of concave 
cross strata; medium sandstone at 10.5 m above base; flne to 
medium at 15.0 m, flne at 18.5 m to 23 m; fine to medium and very 
clayey at 30 m • • .. . . • . • • • • • • • • .. • 32.0 
Lignite, weathers to relief ••• . . 
Siltstone and ahale, light olive gray to yellowish 
upward; massive; compact; shale is about one-third 






Lignite • . . . . . . .. . . . . " . . . . . .. . . . 
Siltstone and shale, fines upward; top is lignltic 
Lignite; ledge former . . . . . .. . .. . . 
Siltstone, ssndy, and shale; dusky yellow to yellowlsh gray; 
flnes upward; flatly stratified 
Lignite, pale brown •••••• 
PRETTY BUTTE HEKBER 









Siltstone, thickly bedded; hard; llgnltic 
Lignite and lignltic shale . . . . . . . 
3.1 
0.2 
Shale, bentonitic up to slightly lignitic 1,1 
Sandstone, very fine to medium, yellowish gray to light olive 
gray; concretions along base; large-scale, grouped, planar, 
convergent, to weakly curved sets; plane bed and small-scale 
cross strata; near top, very-large-scale sets of low angle (4°) 
cross strata about 0.2 m thick, dip toward northeast; 3 m above 
base, 11111811-acale, grouped, planar, parallel to convergent sets 
of hlgh-angle (29°), sigmoidsl cross strata, paleocurrent S 52° E; 
10 m above base, abundant small-scale cross strata showing rlb and 
furrow structure on elongate concretions; top is interlaminated 
with siltstone, Ot"gsnic matter, clayey ••••• , •• , • • 12.7 
Shale, slightly lignltic, olive gray to pale brown; limonlte 
streaks; thin concretionary layers • • • • • • • • • , 2. l 
Sandstone, very flne to medlum, clayey, yellowish gray; base: 
elliptical concretion of large-scale (2 m), grouped, planar to 
weakly curved, convergent sets of high-angle (16°) cross strata 
with 5 m long foreaeta, paleocurrent S 51° E; flat 
stratification (plane bed) abundant; ripple lamination and 
rlpple cross strata abundant near top; top poorly sorted, 
silty, shaly . . . . . . . . . . . . . . . . . . . . .. . . 5.6 
317 
Shale, bentonitic, yellowish gray to light 
slightly silty; rootlets; popcorn texture; 
ligni tic . . .. . . .. .. . . . . . . • . . . 
olive gray; hard; 
top slightly 
.. . . . . . 
Siltstone, sandy, yellowish gray to dusky yellow; flat lamination 
small scale, weakly curved sets of low-angle, concave cross strata; 
erosional base with pebble conglomerate; poorly consolidated; 
parts very poorly sorted; rootlets and plant fossils; top shaly, 
METERS 
0.6 
bentonitic, lignltic •• , .• , • • . • • • • • 3.0 
Shale, silty (base) to lignitic (top), hard; a few siltstone beds 
and several lignltic shale and lignite beds near top. • • • 5.8 
Siltstone and sandstone, interbedded; yellowish gray to dusky 
yellow; fines upward to shale; ripple lamination and small-scale, 
planar, convergent sets . . . . . . . . . . . . 5.5 
Shale, silty to bentonitic, olive gray; massive 
Shale, very silty, yellowish gray; massive; limestone layer 
BACON CREEK MEMBER 
Siltstone, yellowish gray, and shale, bentonitic to llgnltic 
Lignite, pale brown; poorly developed; parts cemented 
Shale, bentonitic (base) to lignltic (top) . 
Total 







llmonite nodules; parts poorly consolidated 3.9 
Shale, lignitic . .. . . . . . 
Sandstone, fine to medium, yellowish gray; lsrge-scale, planar, 
convergent sets of high-angle cross strata, paleocurrent 
S 30° E, long (10 m) foresets; fines upward 
Lignite, laterally persistent 







Measured Sectlon GCl 
t. 16 N,, R. 56 E., Sec, 30, SW\ of SW\ 
LUDLOW FORMATION 
Sandstone, erosional base; small-scale sets of cross strata 
Siltstone, upper part sandy; ripple and flat lamination 
Lignite • • , , 
Shale, lignitic 
Siltstone, very eandy; interbedded with sandstone, shale, and 
lignltic shale; rlpple and flat lamination 
Shale, slightly silty to slightly lignitic 
Siltstone, gray to yellowish grey; shales upward 
Lignite, black; powdery ., • . . . 
Shale, upper part lignltic; hard 
• 
Sandstone, fine; interbedded with siltstone; abundant 
manganoeiderite concretionery layer~; shales upward. , •• 
Siltstone and shale, dusky yellow; parts cemented; limonlte 
streaks; flat laminations; erosional base •••••••• 
Lignite, pale brown to brownish black; papery to powdery 
PRETTY BUTTE MEMBER 
Shale, silty (base) to lignltic (upper 1.1 m), light gray to 



















Siltstone, dusky yellow; poorly consolidated, ripple lamination 
and ripple cross lamination; bedded organic matter 
Sandstone, fine to very flne; yellowish gray to light olive gray; 
floes upward; large-scale (O.l to 0.5 m), grouped, weakly curved 
sets of hlgh-angle (27°), concave to sigmoidal cross strata, 
paleocurrent S 80° E to due east; very-large-scale sets of low-
angle cross strata, trend due north; upper part flatly bedded; 












Shale, bentonltic to llgnltlc, yellow gray to olive gray; 
gypsiferous • • • • • • • • • 1.5 
Sandstone, very flne to flne, yellow gray to light olive gray; 
erosional base; fines upward; abundant laminated organlc matter; 
small-scale (4 cm), irregular sets of low-angle, slgmoidal, 
tangentlal cross strata, paleocurrent S 30° E; ripple and 
climbing ripple stratification; siderite and limonlte concretionary 
layers form partings of very-large-scale sets of low-angle cross 
strata dipping toward S 32° W • • • • • • • • • • • • 6.6 
Shale, gray, poorly sorted; upper part lignitic, dark brown to 
black . . • • .. . . • . . .. • . • 2. 5 
Sandstone, fine to very fine, light olive gray to yellowish gray; 
erosional base; fines upward; large-scale planar sets of high-
angle cross strata; at 6 m above base, shaly, flatly laminated; 
small-scale (0.9 cm), planar to irregular sets of low-angle (13°), 
sigmoidal cross strata; very-large-scale sets of cross strata. 9.1 
Siltstone and shale, thickly interbedded, gray; flat to draped 
lamination; base erosional; shales upward • • • • • • 9.0 
Shale, silty, yeUowish gray; dense; poorly sorted; top 
carbonaceous • . . • . • • • • . • : • • . . . . • • . 6 .. 6 
Total 44.2 
BACON CREEK MEMBER 
Siltstone, sandy, yellowish gray; massive, to laminated; poorly 
consolidated; rootlets; base erosional; top cemented and 
shaly . • . . . • .. . . . . • . . . . . . . . . . • . . . 6.6 
Shale, silty to very silty, yellowish gray; poorly sorted; hard; 
top carbonaceous 6.0 
Lignite, pale brown • 
Shale, bentonitic to lignitic, gray to olive gray; hard; popcorn 
texture; parts massive and silty; disseminated lignite and 
0.5 
bedded lignite • • • • • • • • • 3. 8 
Sandstone, fine to very fine, yellowish gray; top shaly 9,1 
320 
Measured Section GC2 
T, 16 N., R, 56 E., Sec. 31, SE~ of NW~ 
LUDLOW FORMATION 
Siltstone, partly covered . . . . . . . . .. . . . " . . . 
Siltstone, yellowish gray to dusky yellow; massive; upper part 
shaly to lignltic •• , •••••••••••••• 
Shale and siltstone, interbedded; thin concretionary layers; 
siliclfied stumps; overall very shaly 
Shale, lignitic . . . . . . . . • • • 
Sandstone, fine to medium, light olive gray; fines upward, large-
scale, grouped, planar to weakly curved sets of high-angle, 
concave cross strata; very-large-scale sets of low-angle (5° to 7°) 
cross strata, dipping S 3° W; upper 3 m, poorly consolidated, 
shaly .. lignltic . • . . • . . . . . . . . . .. . .. . 
Sandstone, fine to very fine; upper 2 m shaly, lignitic 




Sandstone, fine to mediU111, light olive gray; fines upward; large-
scale (1.5 m), grouped, planar and weakly curved sets of hlgh-
angle, concave, tangential cross strata; erosional base; top 
shaly • • • . • . .. .. . . 
Lignite, black; laterally persistent 
PRETTY BUTTE MEMBER 
Shale, lignitic ••••••• 






























HUFF MEMBER METERS 
Sanqstone, very flne to flne, light olive gray; erosional base; 
large-scale, grouped, weakly curved sets of hlgh-angle cross 
strata, cemented, paleocurrent S 40° E; at 6 m above base, poorly 
sorted, silty; at 7 m, shaly, lignltic; at 12 m, flat bedded; 
very-large-scale sets with sandy shale partings. , , , • , • 12.l 
Shale and lignite, interbedded; repetitive, slightly purplish 
brown to pale brown; parts oxidized; llgnite and lignltic shale 
beds are 0.3 to 0.5 m thick; top very llgnltic ••••••• , • 
Sandstone, fine to medium, light olive gray; large-scale (0,6 m), 
grouped, planar to weakly curved; convergent sets of high-angle 
(18°), cross strata, paleocurrent S 70° E; at 6 m above base, 
silty, rootlets; at 7 m, siltstone and shale, poorly sorted, 
rootlets . .. . .... , . . . . .... 
Shale, silty to slightly lignitic, gray; hard; upper part 
interbedded vith fine sandstone •• 
Siltstone, sandy; rlpple lamination; parts cemented 
Sandstone, fine, yellowish gray; tabular concretions; large-
scale, grouped, planar to weakly curved, convergent sets of hlgh-
angle concave cross strata; paleocurrent S 47° E; flat 





fosslls ................... · ......... , . .. . 4.8 
BACON CREEK MEMBER 
Shale, bentonitic, light olive gray 
Lignite .. . .. . . . . . 
Shale, silty, gray to yellowish gray 
Sandstone, fine to very fine, yellowish gray; fines upward; 
large-scale sets of high-angle cross strata; top shaly ••• 
Measured Section GC) 
T. 16 N., R. 56 E., Sec. 31, NE!,; of SW~ 
LUDLOW FORMATION . 
Total 
. . . 
Siltstone, sandy and sandstone, interbedded to masslve; grades 
















Siltstone, parts lignltic to shaly, dusky yellow to black; 
rootlets; a few thin lignlte beds 
Lignite. . . . . . . . . . 
Shale, silty, bentonitic, lignltic, gray; popcorn texture 
Siltstone and shale, interbedded; shales upward; vertebrate 
fossils (crocodile); abundant silicified stumps ••.•• 







Siltstone, massive; top shaly 3.0 
Shale and siltstone 4 .5 
Shale, silty and poorly sorted to lignltic, and thln llgnlte; 
lignitic shale is pale brown, fissile, papery • • • , • 8.0 
Siltstone and sandstone, interbedded, dusky yellow to dark yellowish 
orange; small-scale sets of cross strata in sandstone; 
manganosiderite concretionary layers; shales upward 2. 6 
Lignite • • • • 
PRETTY BUTTE MEMBER 
Siltstone, sandy, and shale; flat to wavy 
concretions; vertebrate fossils (turtle); 
lignitic silt and shale ••••••• , • 
.. 
lamination; jarosite 
upper 2 mis black, 





Sandstone, very fine to medium, yellowish gray; calcareous and 
sideritic concretions; large-scale sets of cross strata; very-
large-scale sets of low-angle (7°) cross strata dipping N 30° E 
and southwest, lignitic partings; ripple and ripple cross 
lamination; flat lamination; top poorly consolidated 
Sandstone, fine, light olive gray, calcareous elongate 
concretions; shale pebbles; large-scale, grouped sets, paleocurrent 
S 53° to 64° E; very-large-scale sets of sigmoidal cross strata 














Sandstone, fine to very flne, light olive gray; very-large-
scale sets of cross strata; vertebrate fossils •••••• 
Sandstone, fine to very fine, yellowish gray; at 4.5 m above 
base, ripple and ripple cross lamination; at 10.5 m, large-
scale (0,4 to 0,6 m), planar, convergent sets of high-angle cross 
strata, paleocurrent S 57° E; at 15 m, very-large-scale sets 
with siltstone partings dipping to southwest , , , •••• 
Total 
BACON CREEK MEMBER 
Shale, bentonitic. . . .. .. . . .. .. 
Sandstone, flne to very flne, yellowish gray; top silty to 
shaly .. .. .. . . . • .. . .. . , . . .. .. .. . . . 
Measured Section GC4 
T. 15 N., R, 56 E., Sec, 6, NW~ of NE~ 
LUDLOW FORMATION 
Siltstone and shale, interbedded, yellowish gray; base poorly 




Lignite • . . 
Siltstone and shale; flnes upward; massive to bedded 
Shale, lignltlc . . . .. • • • . . . . 
Sandstone, fine to very fine, clayey, yellowish gray to light 
olive gray; lenticular; concretions •••••• 


























PRETTY BUTTE MEMBER 
Shale, allty, lignltic 
:,24 





Siltstone, sandy, yellowish gray; upper part lignitic and 
shsly . • • . . . . . . . • . • • • • . . . . 
Sandstone, fine to very fine, clayey; light olive gray to 
yellowish grsy; parts flst bedded; very-large-scale sets of 
1.4 
cross strata 4.2 
Lignite • , • 0.1 
Shale, sandy; lenticular 0.4 
Sandstone, fine to medium, light olive gray; erosional base; 
large-scale, grouped, planar convergent sets of h!gh-angle cross 
strata, paleocurrent S 45• E; very-large-scale aets with lignite 
on partings; abundant ripple lamination near top 11.7 
Lignite •••••• , . . .. . .. . . . . • 
Shale, bentonitic (base) to lignitic (top); parts very poorly 
sorted; parts flatly laminated; silicifled wood • 






Siltstone, sandy (base) to shaly (top), duaky yellow; bedded 3.0 
Sandstone, fine to medium, clayey, light olive gray; calcareous 
concretions; top flner grained; very-large-scale seta of cross 
strata . . . . . . . . . . . • . . . ... . . . . . . . . . . .. . 10.4 
Sandstone, fine to medium, light olive gray to yellowish gray; 
abundant concretions; large-scale, grouped, planar convergent, 
and weakly curved sets of low- to high-angle (12° to 30•), 
strs!ght to weakly concave cross strata, paleocurrent S 2s• to 
49• E; long foresets (10 m); near top, very silty with very-





Measured Section GC5 
T. 15 N., R. 56 E., Sec, 6, SW\ of NE\ 
LUDLOW FORMATION 
Siltstone, yellowish gray; massive to interbedded with shale; 
laterally gradational to shale; partly covered • s.o 
Lignite, blackish brown to black; lenticular 0.6 
Shale and lignite, medium gray to light olive gray; lower part 
silty; upper part lignltie with up to four thin lignite beds 13.2 
Lignite; laterally persistent •••• . . . . .. . . . . . . . 0.6 
PRETlY BUTTE MEMBER 
Shale, silty (base) to lignitic (top) . . .. .. . . .. . . . . 0.4 
Total 0.4 
HUFF MEMB!R. 
Sandstone, fine to very fine, light olive gray; fines upward; 
very-large-scale sets of cross strata; lignitic, siltstone and 
shale on partings that dip to south; base erosional • • • • • • 7.6 · 
Shale, silty, sandy and lignitic; base interbedded with 
siltstone; top lignitic 
Lignite • • • • • . . 
• • 
Siltstone, sandy, and shale, dusky yellow to yellowish gray; 
lower part flat bedded with concretionary layers dipping away 
from sandstone; upper part interbedded with shale •••••• 
• 
Sandstone, fine to very fine, light olive gray to yellowish gray; 
fines upward; large-scale sets, paleocurrent S 30° E; a few 




grades to siltstone • • • • • • • • 5.8 
Shale, silty, bentonitic, olive gray; hard • 3.2 
Sandstone, fine to very fine, clayey, light olive gray; top part 
very silty . . .. .. .. . . . . . .. . . . . . . . . 3.3 
326 
Measured Sectlon GC6 
T. 15 N., R. 56 E., Sec. 6, SE!,; of SE~ 
LUDLOW FORMATION 
METERS 
Shale, bentonitic to lignitic; silicified wood; partly 
covered •... .. . . .• . . . . . . . . . . . . . . . . . . . 10.6 
Sandstone, fine to medium, yellowish gray; flnes upward; thlck 
concretions; large-scale, grouped, planar parallel and weakly 
curved, convergent sets of hlgh-angle (16° to 21"), straight 
and weakly concave cross strata, long foreaets, paleocurrent 
S 32• E; top silty, shaly • • • • • • • • • • • • 14.8 
Shale and lignite; several thln lignite beds near base; generally 
massive and lignitic throughout; sharp upper contact • • • • 7.2 
Siltstone, slightly shaly, dsrk yellowish orange to dusky yellow; 
generally inassive . • • . . . .. .. . . .. . .. . .. . • .. . . . , • . 4 .4 
Shale, siltstone, and lignite interbedded; shales upward; 
siltstone is yellowish gray to dusky yellow; shale is bentonitic 
to lignitic, medium gray, olive gray, pale brown, and dark 
yellowish grown; sequence grades laterally to sandstone 
Shale, silty, bentonitic, ligni tie • • • , , • • • • • 
Lignite, pale brown to brownish black; laterally persistent 




Siltstone, very shsly, lignitic, yellowish gray • • • • • • .!.J! 
Total 1.8 
HUFF MEMBER 
Sandstone, fine to very fine, light olive gray; base shaly; 
large-scale planar, parallel and convergent sets and strongly 
curved sets, psleocurrent due south (near top); flat 
atratiftcation (plane bed); upper part silty; very-large-scale 
sets with shale, alltstone and lignite on partings •••••• 22.3 
! 
j 
Measured Section PRl 
T. 15 N., R. 56 E., Sec. 9, NW~ of NW~ 
LUDLOll FORMATION 
Sandstone, fine, yellowish gray to dark yellowish orange; 





Siltstone, shaly to sandy, dusky yellow 
interbedded with shale; base sandy; top 
Lignite, silty, shaly, pale brown. 
PRETTY BUTTE MEMBER 
• 
to yellowish orange; 
lignitic and ahaly 
. . . . . . . . . . 







orange; some eilicified wood • • • • • . . • • . . . • • • 4.8 
Total 4.8 
HUFF MEMBER 
Sandstone, fine to medium, yellowish gray to light olive gray; 
abundant concretions; large-scale, grouped, weakly curved sets 
of high-angle, weakly concave, tangential cross strata, paleocurrent 
S 40° E, shale pebbles and intraformational conglomerate; 
several prominant lenticular, bentonitic shale beds; very-large-
scale sets of low-angle (10°) cross strata dipping southwesterly; 
shaly, lignitic, partings; upper part of sandstone interbedded 
to interlaminated with siltstone and shale • 31.7 
Lignite • ••••.••••••••••••• • • 
Shale, silty, bentonitic, lignltic; laterally persistent 
Sandstone, fine to medium, yellow!eh grey; poorly sorted; 
abundant concretions; flat, erosional base; top very clayey; 
large-scale, grouped, planar, parallel sets of high-angle (22°), 
straight to weakly concave, tangential cross strata in elongate 
concretion trending S 10° W; thin silty, shaly, lignltlc layers 







BACON CREEK MEMBER METERS 
Shale, bentonitlc to lignltic; interbedded with several thin 
lignites . . . . .. . . . . . . . . . . . . . .. . . . . . . . 
Measured Section PR2 
T. 15 N., R. 56 E., Sec. 8, SE\ of NE\ 
LUDLOW FORMATION 
Siltstone and claystone; partly covered 
Lignite . .. . . . . . . . . . .. . . . .. 
Shale, slightly silty to bentonitic and lignltlc, olive gray 
Siltstone, sandy, interbedded with claystone 
Lignite 
PRETTY BUTTE MEMBER 









Sandstone, fine, light olive gray; abundant tabular and elliptical 
concretions; base up: large-scale, grouped, planar to weakly 
curved sets of high-angle, weakly concave cross strata, paleocurrent 
S 56° E; flat stratification (plane bed); very-large-scale (6 m) 
sets of cross etrets (0.1 to 0.2 m); more large-scale (l m) curved 
sets and plane bed; top clayey, silty, slderltlc and limonitic 
concretiona ry layers . . . . . • . . . . • . • . • . . . . . 18. 5 
Shale, bentonitic (base) to lignitic (top), and lignite, 
interbedded . . . • . .. • . . . . . . . . . . . . 
Sandstone, fine to medium, yellowish gray to dusky yellow: 
erosional base; transitional top; elliptical concretions 
Shale, bentonitic ............ 5 ••••••• 
Sandstone, fine, light olive gray to yellowish gray; tabular 
concretions; fines upward 
Lignite . . . . . . . . . 






Shale, bentonitic (base) to lignltic (top), light ollve gray ~ 
Total 49.0 
BACON CREEK MEMBER 
Lignite, pale brown; laterally persistent ••••• 
Shale, lignltic, and lignite, interbedded, moderate ollve 
brown • • • . . . .. . . • ,. • .. . • • • • . • . . 
Siltstone, sandy to clayey, yellowish gray to medium gray; 
poorly sorted; interbedded to massive; lignite at base 
Measured Section PR3 
T. 15 N., R. 56 E., Sec, 8, SEli; of SE~ 
LUDLOW FORMATION 
Siltstone •••• . . . . . . 
Lignite, laterally continuous 
Shale, silty •••• , ••• 
Lignite, laterally continuous 
PRE'l'TY BUTTE MEMBER 
. 
Shale, lignltl.c; ma.salve ............ ~ ... ~ . 
. . 











Sandstone, fine to very fine, yellowish gray to light olive gray; 
parts very poorly sorted; large-scale, grouped, weakly curved 
and planar sets grading upward to cemented flat stratification 
(plane bed) and small-scale, Irregular sets of low-angle, 
slgmoldal cross strata, paleocurrent N 30° E; more lignltic and 
shaly upward . • . • .. . . . . . . . . 10. 7 
Shale, sandy (base) to silty, bentonitic; bard 9.9 
330 
METERS 
Sandstone, fine to medium, yellowish gray; erosional base; 
abundant tabular concretions (about l m thick); large-scale, 
grouped, planar, parallel, and weakly curved sets of hlgh-angle 
(31°), straight and weakly concave cross strata, paleocurrent 
S 5° W; near top: flat lamination; small-scale, grouped, curved 
sets of low-angle, sigmoidal cross strata; very-large-scale 
sets with siltstone partings, and climbing ripple stratlficatlon; 
top lignltic . . . . . . . . . . . . . . . . .. . . . 17 .3 
Shale, very silty, bentonitic; massive; poorly sorted 2.8 
Llgn!te, pale brown, , . . . . . . . . . . . . . . 0.1 
Sandstone, fine to very fine, clayey, yellowish gray to light 
olive gray; parts poorly sorted; large-scale (0.1 m), grouped, 
planar to irregular, convergent sets of high- and low-angle, 
concave, tangential cross strata, paleocurrent S 10° w; ripple 
lamination; fines upward • . • . . • . . . . . . . . . • . ll 
Total 48.9 
BACON CREEK MEMBER 
Lignite , . . . . . . . . . . . 
Shale, silty (base) to lignitic 
Lignite, brownish black. , •• 
• 
Shale, bentonitic to lignitic; upper part sandy to silty; 
vertebrate fossils; interbedded siltstone, sandstone, and 
lignite . . • . .. . . . . . . . . • . • . . . . . . · • · 
Measured Section PR4 
T. 15 N., R. 56 E., Sec. 17, N~ of NW\ 
LUDLCX. FORMATION 
Sandstone, fine, clayey, light olive gray; poorly sorted top; 
large-scale, grouped, irregular to weakly curved sets of low-
angle sigmoidal cross strata, some irregular and parallel sets 
also, paleocurrent N 62° E ••.••.••••• • . • • • • 










Siltstone and shale, interbedded; flnes upward 
Lignite • . . .. . " . . . .. . . . . " . . 
PRETTY BUTTE MEMBER 





Total 2. 7 
HUFF MEMBER 
Siltstone, sandy, and interbedded sandstone; poorly sorted; 
dusky yellow to dark yellowish gray and whitlsh yellow, thln 
concretionary layers; small-scale, irregular and curved sets of 
low-angle cross strata . • • • . . • • . . • . • • . • • . 4~0 
Sandstone, fine to very flne, light olive gray; lenticular; 
interbedded; large-scale, grouped, curved sets of high-angle, 
concave cross strata, paleocurrent S 52° E to S 36° E; 
vertebrate fossils (turtle carapace) •• , • • • 8.9 
Shale, bentonltic, light olive gray to olive gray 2.5 
Siltstone, grayish orange to dark yellowish orange; massive; 
shales upward • • . . • • • • • 3.8 
Sandstone, fine to very flne, light olive gray; large (2 m) 
elliptical and rounded (0.6 m) concretions; parts massive; some 
thin concretionary shale layers; large-scale cross strata, 
paleocurrent S 5° W; flat lamination wlth lignite and siltstone; 
top very fine, clayey • • • • 
Shale, sllty, sandy, lignltic 
Sandstone, fine to very flne, clayey, light olive gray; tabular 
concretions; large-scale, grouped, weakly curved sets of high-
angle, concave cross strata, paleocurrent S 86° E; top sllty 
Total 
BACON CREEK MEMBER 
Siltstone, yellowlsh brown; poorly consolidated; sharp base; 
jarosltic to limonltic; small-scale, grouped, planar to Irregular 





stratification (plane bed) , • • • • • • • • • • • • • • • • • • 6.0 
332 
Lignite, lenticular , . . . . . . . . . . . . . . . . . . . . 
Shale, lignltic, pale brown to dark yellowish brown; massive 
Lignite, brownish black to black; lenticular 
Shale, silty to lignitic . . . . . 
Siltstone, shaly (base) to lignltic (top); lenticular; sharp 
base • • • , • • • • • . . . . . 
Shale, silty, bentonitic, lignitic 
Lignite, persistent , •• . . . . . 
Shale, silty (base), bentonitic, lignitic (top) 
Measured Section PR5 
T, 15 N., R, 56 E., Sec. 17, NW!,; of SW!,; 
LODI.al FORMATION 
Siltstone, shale, and lignite, interbedded; overall poorly sorted; 
top is sandstone, cemented; small-scale, curved and irregular 
sets of low-angle, concave cross strata; partly covered 
Lignite, laterally persistent • , •••.•.• . . . . 












Shale, silty . . . . . . . . . . . . . . . . . . . . . . . . . . !.:.!!. 
Total 1.8 
HUFF MEMBER 
Sandstone, fine, yellowish gray; parts poorly consolidated and 
poorly sorted; small-scale, grouped, weakly curved sets of low-
angle, concave cross strata; upper part contains pale orange 
siltstone; vertebrate fossils (crocodile) 8.1 
Shale, bentonitlc, to lignltlc (top) 4,2 
Sandstone, very flne to medium, light olive gray; erosional 
base; fines upward; large-scale, grouped, curved sets of high-




Shale, silty to lignltic, mass!ve; laterally peraistent • • • • • 6.4 
Sandstone, fine to very fine, clayey, light olive gray; flat 
to draped lamination with some siltstone and shale; 3 m of 
small-scale grouped, irregular to weakly curved sets of low-
angle, sigmoidal crosa strata, rust colored, paleocurrent N 70° E; 
top lignitic . . . . . . . . . . . . . . . . . • . . • • . . . 11.6 
Siltstone, dusky yellow to grayish orange; massive; top shaly, 
lignitic . , ..... , ....... , . . .. . . . . . 3.4 
Sandstone, fine, light olive gray; concretions; parts 
interbedded with siltstone and shale •••••••• . . . 4.0 
Total 46.4 
BACON CREEK MEMBER 
Sandstone, fine to medium, yellowish gray to light olive gray; 
erosional base; large-scale (2 m), grouped, planar, parallel 
sets of straight to weakly concave cross strata, paleocurrent 
S 42° E; flank interbedded with siltstone and shale. • • • • 12.2 
Siltstone, sandy, shaly; massive to ·interbedded; parts poorly 
sorted and poorly consolidated 
Lignite. • • • • • ...... 
Shale, silty (base) to lignitic (top) 
Siltstone, yellowish gray; vertebrate fossils 
Lignite • •.• , •• • , 
Shale, slightly lignitic • 
Lignite, pale brown •• 
Shale, bentonitic up to lignitic, olive gray 
Measured Sectlon PR6 
• 
T. 15 N., R. 56 E., Sec. 17, SWlr; of SWlr; 
LUDLOW FORMATION 
• 












Siltstone, interbedded with shale and sandstone 
Lignite, laterally persistent •• 
PRETrY BUTTE Ml!MBER 







Sandstone, very flne to medium, light olive gray to yellowish 
gray; parts poorly sorted; ripple lamination and cross 
lamination in upper part, paleocurrent S 85° E; very-large-
scale sets with lignltic partings •••••••••• , . . . 
Shale and silts tone; shale is poorly sorted, bentonitic to 
silty; siltstone contains siderltlc concre.tlonary layers . . 
Sandstone, very fine to medium, light olive gray; fines upward; 
some interbedding with siltstone; shale pebble conglomerate, 
mudcrack clasts; elliptical concretions of large-scale, grouped, 
weakly curved sets of high-angle (17°) cross strata with long 
foresets, paleocurrent N 70° E; top clayey, silty; some 
yellowish gray siltstone with rootlets •••••• , •••• 
Siltstone, yellowish gray; jarosltic, poorly consolidated; grades 
upward to shale with concretionary layers ••••••• , •••• 
Total 






Sandstone, very fine to medium, yellowish gray; silty base; 
clayey top; ripple cross strata near base; at 4.5 above base: 
large-scale, grouped, planar to irregular and weakly curved sets 
of high- to low-angle (14° to 15°), straight to weakly concave 
and sigfflOidal cross strata, paleocurrent S 53° E; fines upward 
fr01D mostly medium below to fine sandstone above. • 13.5 
Shale, bentonltic; poorly sorted near base ••• • 4.3 
Siltstone, light gray to medium gray; erosional base; flat to 
irregular lamination with lignltic matter; some interbedded 
shale and shaly siltstone; ripple lamination and cross 
lamination; thin silty sandstone (0.2 m) near top •• , • , •• • 4.1 
335 
Measured Section WPl 
. T, 15 N., ll. 55 E., Sec, 23, SE!,; of NE!,; 
HUFF HEMBEll 
Sandstone, very flne to flne, light olive gray; abundant 
concretions; large-scale (0,3 m), grouped, planar, convergent 
and weakly curved sets of crosa strata, paleocurrent s 85° E to 
due east; small-scale sets similar to large-scale sets; 
intrafol'lll&tlonal conglomerate; top eroded , •• , • , • 




Sandstone, very flne, and siltstone; erosional base; very-large-
scale sets with ahale partings dipping up to 10° to the northeast; 
small-scale sets of cross strata near top; grades laterally to 
very fine sandstone. • • • • • . • • • . • • • • • . • • • • • • 2.6 
Shale, very silty, light olive gray to yellowish gray; 
ms.salve . • . . • • . . • . • .. . . . . . • • , . • . • . . . . 
Sandstone, fine to medium, yellowish gray; flnes upward; parts 
poorly sorted; top ahaly, lignltlc; flatly to irregularly bedded, 
climbing ripple and flat (plane bed) lamination; small-scale, 
planar, convergent sets of slgmoldal cross strata, paleocurrent 
3.4 
S 30° E; jaroslte and limonite nodules •• , , • • • • • • • • 3.6 
Siltstone, yellowish gray; poorly consolidated; jaroslte 
nodules, lignite beds at top • , , •• ·• , • • • • 3.0 
Shale, slightly llgnltic (base and top), very sllty to sandy, 
yellowish gray;· fosslls, rootlets, stumps • , , •• , •••• , • 5, 7 
Shale, very silty, lignltic (base); a few thin (0.5 m) siltstone 
beds; flat bedded; siderite and li1110nltic concretionary 
layers . • • • . . • . .. . . • . . • . • . . . . .. . 2.2 
Lignite, black to brownish black; weathers to relief • 
Siltstone, lignltic (top), yellowish gray; hard ••• 
Lignite, pale brown to black; well developed; laterally 
0.2 
1.8 
persistent . . . . . . . . • . . . . . . . . . . . . . • . . .. 1.1 
Shale, bentonitic; a few silty layers; top lignitic; light olive 
gr.ay • • • . • • • • . • • • .. . .. . • • .. • • .. • • • • • • • • 
Sandstone, fine, yellowish gray; round and elliptical concretlons; 
manganosiderite concretlonary layers at base; large-scale (0.4 m), 
planar and weakly curved sets of high-angle (24°), straight to 
weakly concave cross strata, paleocurrent N 45° to 55 • E, shale 
pebble conglomerate; upper meter is limonlte stafoed slltstone, 




BACON CREEK MEMBER 
Lignite • • • • • . . . . . 
Shale, bentonitic to lignitic • • • 
Measured Section WP2 
T. 15 N., R. 55 E., Sec. 24, NW~ of SW~ 
LUDLOW FORMATION 
Shale, sllty to bentonitic, olive gray to pale brown; some 
baked shale; light to moderate red near top •••• , 
Siltstone, sandy; flat bedded . . . . 
Lignite, black; well developed; laterally persistent 
PRETTY BUTTE MEMBER 
Shale, silty (base) to lignitic; massive . . . .. . . . . . . . 
Siltstone, clayey (up to 40 percent clay), yellowish gray; very 
friable; fairly well sorted; jarosite nodules; lenticular; sharp 
base • • .. • • • .. • .. • • • • • • • • , • • • • .. • • 
Shale, silty (base), gray, to lignitlc (top); massive 
Total 
RUFF MEMBER 
Sandstone, fine to medium, light. olive gray; large-scale, grouped, 
planar to weakly curved sets of high-angle cross strata, 
paleocurrent S 10° W to S 20° E; concretions (some elongate) in 
upper part (4 m), With rusty colored, interbedded ailtstone and 
very fine sandstone; very-large-scale sets of low-angle (6°) cross 
strata with shaly partings dipping to southeast 
Shale, very silty; dense •••••• 
Lignite, pale brown; powdery; lenticular 
Shale, parts lignitic •••• 
Lignite, pale brown; powdery; lenticular 
• • 






























Lignite, pale brown; powdery; lenticµlar 
Shale and lignltic shale, interbedded 
Siltstone, sandy, yellowish gray; top shaly and lignltic 





lignitic ................... .. . . 4. 7 
Total 36.8 
BA(l)ll CREl!K MEMBER 
Shale, bentonitic to lignltic, interbedded with a few thln 
lignites . . • . . . . . . . . . . . . . . . . . . . . . 7 .5 
Shale, very silty, interbedded with slltstone that is cemented; 
rusty-colored; sharp contacts • . . . . . . . . . • • 3.5 
Lignite, pale brown to black; laterally persistent 
Shale, very silty to sandy; base and top lignltic; gray to 
yellowish gray; hard; rootlets . . . . . . • . • • • • • • 
Lignite, parts shaly, pale brown to black; weathers to ledge; 
laterally persistent • • . • . . . • . . . . . . • . 
SHtstone; ahaly, dark yellowish gray to yellowish gray and 
light olive gray; shales upward • • • 
Lignite, lenticular 
Measured Section WPJ 












Covered • . • . . • • • • . • • . . . . • • . . . • . . . . . • . 11 .. 5 
Sandstone, silty, yellowish gray to dusky yellow; erosional 
base; lentlcular; large-scale sets, paleocurrent N 85° E; very-
large-scale sets with siltstone partings dipping south 
Shale, lignltic; lenticular 






J , , 
338 
Siltstone, thinly interbedded wlth shale; thin i 
layers; transitional base and top concret onary • 
Lignite, laterally persistent 
PRETTY BUTTE MEMBER 
Shale, bentonitic to lignitic; laterally persistent as a 
sequence; base up: bentonitic, sand (0.6 m), bentonitic,, 







Siltstone, yellowish gray to dark yellowish orange; parts 
cemented; sharp base • ................... 
Shale and lignite, slightly purplish to pale brown; laterally 
gradations! to interbedded shale, siltstone, and lignite, a few 
siderite and limonite concretionary layers. . . . . . . . . . . 
0.3 
10.6 
Sandstone, fine, light olive gray; erosional base; fines upward; 
large-scale (0.2 m), grouped, planar to irregular and weakly 
curved sets of high-angle (15°), weakly concave tangential cross 
strata, paleocurrent S 78° E; small-scale sets of cross strata 
at top; some .flat bedding • 4.6 
Lignite, lenticular ••• O.l 
Shale, bentonitic to lignitic (top), olive gray to pale brown; 
top ceniented . . .. • . • . • .. . • • . . • . . • . . . 3.8 
Shale, bentonitic to lignitic, interbedded wlth lignite and 
a few siltstone beds; beds generally a few tenths of a meter to 
a meter thick; overall lignitic; from baae up: gray shale, 
lignitic ahale, gray to yellow shale, lignitic shale, siltstone, 
lignitic shale, bentonitic shale, lignitic shale, gray shale, 
siltstone, lignite, whitish shale, lignitic shale, and cemented 
ailtstorie............................. 15.0 
Total 34.6 
BACON CREEK MEMBER 
Lignl te .. .. . 4 • • • • .. .. • • • • • • • • • • • • • • • • • • • 0 .1 
339 
METERS 
Shale, be~~on)itic to lignit1c, repetitive beds; parts silty (50 
percents t ; a few thin sandstone and siltstone beds near base• 
thin (0.2 m) lignite at 5.9 m above base· leaf fossils· from ' 
base up: bentonitic shale, siltstone, sh;le, lignite i1gnitic 
shale, bentonitic shale, gray shale, lignite, bentonltic shale• 
top 0.4 m cemented ....... , • • • • • • · • · · • • • • • • 13 . 0 
Measured Section WP4 
T. 15 N., R, 56 E,, Sec. 19, SW~ of SW~ 
LUDLOW FORMATION 
Sandstone, flne, clayey, yellowish gray; abundant concretions; 
base erosional and flat to weakly concave •••• 
Shale, silty, bentonitic, olive gray . . 
Sandstone, fine to very fine, clayey, light olive gray; flat 
erosional base; part of interbedded, flanking sequence 
Lignite, black; laterally persistent 






Shale, bentonitic, grades upward to lignitic; parts slightly 
silty; a thin (0,3 m) siltstone bed near top •••••• , .!!..:1 
Total 8.3 
RUFF MEMBER 
Sandstone, fine to very fine, yellowish gray to light olive 
gray; lenticular; two phases (3.2 m and 3.9 m) separated by 
rusty siltstone, partly lignitic • • • • • • • • • • • • • • • • 7 .2 
Shale, bentonitic to lignitic; three repetitive sequences; 
laterally grsdational to poorly sorted, silty gray shale inter-
bedded with siltstone • • 13 ,8 
Lignite, lent!cula r • • 
Sandstone, yellowish gray; lenticular; erosional base 
Shale, bentonitlc (base) to lignltic (top), olive gray to pale 
brown • • • • . • • • • • • . • • • • • • • • • .. . . • • 
Sandstone, fine, yellowish gray; tabular concretions; large-




12.1 -silty and gradational to bentonitic shale, , • , , , • • • • • 
Total 36. l 
340 
BACDN CREEK MEMBER 
Shale, bentonltic to lignitic (top), parts sllty; light olive 
gray to pale brown and pale yellowish brown; grades laterally 
to silty shale interbedded with siltstone and sandstone 
Measured Section WPS 
T. 15 N., R. 56 E., Sec. 30, NW~ of NE~ 
LUDLOW FORMATION 
Sandstone . ••. 
Shale, bentonitic 
Siltston~, sandy; shales upward; low-angle partings 
Shale, light olive gray to medium gray; massive 
Siltstone, sandy; coarsens upward . . . 
Shale, bentonitic, slightly silty, light.olive gray 
Siltstone, sandy; ·persistent, rusty colored beds 











persistent . . .. .. . . . . . . . . . . . . . . . . . . . . . . . 0 .. 8 
PRETIY BUTT! MEMBER 
Shale, silty (base), bentonltlc, lignltic (top), light olive gray 
to olive gray; massive; hard • • • • • • • • • • • • • • • 6.0 
Total 6.0 
!IUFP MEMBER 
Siltstone, sandy, shaly . . . . . . . . . . . . . . . . . . 
Sandstone, fine to very fine, light olive gray, parts dark 
yellowish orange; shale pebbles and shale pebble conglomerate; 
abundant concretions; large-scale sets of cross strata, 
paleocurrent S 85° E, abundant near base and middle; small-scale 
irregular sets of sigmoidal cross strata and plane bed abundant 
near top; very-large-scale sets and flat bedding in upper 
2.2 
part ............................. 22 .. 7 
--
341 
Shale, very silty (base), bentonitic, lignitic (top), light 
olive gray overall ................... . 
Siltstone, sandy, dark yellowish orange, parts cemented; 
rootlets ......................... . . . . . 
Sandstone, fine to very flne, clayey; abundant small-scale 
cross strata paleocurrent S 20° E; top 4 m interbedded with 






BACON CREEK MEMBER 
Sandstone, fine to medium, yellowish gray; elliptical concretions; 
large-scale cross strata. • • • . • • • • . • . • • • . 10.9 
ShaJP, bentonitic grading upward to lignitic, light olive gray 
to pale brown; two repetitive sequences with lignitic shale and 
siltstone or silty shale. • . • • • . • • . . • . • • • • . 10.5 
Sandstone, flne to very fine, yellowish gray; rilled; shale 
pebbles abundant; top very silty with laminated siltstone and 
lignitic matter; jarosite nodules •.•• , •••••••••• 
Measured Section WP6 
T, 15 N., R. 56 E., Sec. 30, SW~ of NE~ 
LUDLOW :FORMATION 
Covered . . . . . . . .. . . . . . . . . . . . . . 
8.5 
12.8 
Shale, silty, bentonitic; gradational to siltstone 0.8 
Sandstone, fine, light olive gray; abundant calcareous to 
sideritic concretions along base; large-scale cross strata and 
small-scale, grouped, irregular sets of low-angle, sigmoidal 
cross strata in elongate concretion trending S 33• E; abundant 
very-large-scale sets of cross strata; shales upward. • • • • 7.2 
Lignite, pale brown; parts poorly sorted • • • • • • • • • • • 0,2 
PRETTY BUTTE MEMBER 
Shale, allty (hase), bentonitlc, lignitic (top), light olive 
laminated; parts oxidized • . • • • • • • • • • • • • gray; . . . 6.0 
342 
METERS 
Siltstone. yellowish gray; parts lignitic; lenticular 1.0 
Lignite, black; perts silty; lenticular 0.2 
Shale, bentonitic to llgnitic. • • • • 3.9 
Total U.l 
HUFF MEMBER 
Sandstone, fine to very fine, silty, yellowish gray; near base 
parts loosely consolidated, jarosite nodules; grades up to large-
scale (0,05 m), grouped, irregular sets and small-scale, planar 
to weakly curved sets of high-angle, sigrnoldal cross strata, 
some plane bed , , , , •• , 16.5 
Shale, bentonitic, light gray 1.5 
Siltstone, yellowish gray to dusky yellow; flatly bedded, parts 
cemented; upper part lignitic • • • • • • • • • • • • 2 .0 
Sandstone, fine, yellowish gray, large-scale, planar sets of 
hlgh-sngle cross strata near base, flat lamination wlth organic 
matter near top; very-large-scale sets of cross strata 
Measured Section WP7 
T. 15 N., R. 56 E., Sec, 29, SW~ of SW~ 
LUDLCM FORMATION 
Siltstone, sandy, shales upward, light olive gray to dark 
yellowish orange , , • , • , ••• , 
Lignite, black; laterally persistent 
Total 
Siltstone, yellowish gray; poorly sorted; top shaly, lignitlc 
Lignite, blsck; laterally persistent . . . . . . . . 
Siltstone and sandstone, interbedded; shales upward; top 
1 igni tic . . .. • .. .. . . • . . • .. .. . . 











Siltstone, sandy, and shale interbedded (O.l to 0.4 m beds); 
shales upward to lignltic shale (1 m) •••••• , . 
Lignite, black; well developed; laterally persistent 
PRETfY BUTTE MEMBER 
Shale, bentonitic to lignltic (top), light olive gray to olive 
gray . . . ,. • . . . . . • . . . . . • • . • · · .. · · • 
HUFF MEMBER 
Sandstone, fine, silty, light olive gray; large-scale planar 
sets; gradational to sandy alltstone (1.7 m) 
Shale, silty to bentonitlc . . . 
Sandstone, fine to medium, light olive gray, erosional base; 
abundant concretions: fluted; elongate concretlona of large-
scale, grouped, planar, parallel sets of hlgh-angle stralght 
Total 








to silty, shaly beds ••••••• , 11.7 
Shale, bentonitic, light olive gray 2.8 
Sandstone, fine to very fine, yellowish gray; base well sorted; 
top poorly sorted and silty and ahaly; massive appearance; 
very few concretions • . . . . • . • • . . • .. 6. 7 
Shale, silty (base) to 
part interlaminated to 
massive .••••• 
bentonltlc, light olive gray; lower 
interbedded with siltstone; upper part 
. .. . .. . . . . . . . . . .. 8.0 
Siltstone, sandy, dark yellowish orange; flat bedded; rootlets; 
jarosite nodules . . . .. . . . . . . . . .. . . . . . . .. .. . 2 .O 
BACON CREEK MEMBER 
Sandstone, fine to very fine, yellowish gray; flnea upward; 
parts poorly sorted, cemented; upper part silty; base 
erosional . . . . . . . .. . . . . . .. .. . . . . . . . . .. . 




Shale, bentonitlc up to lignltlc, yellowish gray to light olive 
gray to pale brown • •. • • • •• , • • • • • •••. , • • 3. 8 
Sandstone, fine, yellowish gray; massive to flatly bedded (top); 
base erosional; top gradational, silty, shaly • , , • • • 10.S 
Shale (top) and siltstone (base), interbedded; a few thin lignite 
beds; shale is bentonitic to lignitic, light olive gray to pale 
brown; hard, massive; siltstone is yellowish gray, about 40 
percent clay, interlaminated, compact, rootlets; upper part of 
this sequence is silty, grading to shale • • • • • • • • 7 .O 
Lignite, shaly, pale brown; hard; and shale, bentonltic 0.4 
Sandstone, fine to 
upward; top grades 
shale ••••• , 
medium, yellowish gray; erosional base; fines 
to siltstone and shale; base overlies bentonltic 
10.6 
Total 38.9 
Measured Section WPB 
T. 15 N., R. 56 E., Sec, 29, SE\ of ~W\ 
LUDLOW FORMATION 
Siltstone and shale 
Lignite, black; lenticular 
Siltstone, sandy, and shale, interbedded; shales upward; top 
lignl tic . . . . . . . . . . . . . 
Lignite, black; laterally persistent ••• , , • 
Siltstone, sandy, and shale, interbedded; shales upward, top 
lignitic . . . . . . . .... . . 
Lignite, ehaly, black; vitreous; ·resinous; laterally 
persistent • . . . . . . . . . . . . . . . . . . . . . . . . . . . 
PRETTY BUTTE MEMBER 

















Siltstone, yellowish.gray; base gradatlonal . . . . . . . .. .. . 
Sandstone, fine, light olive gray; abundant concretlons; large-
scale sets of cross strata; very-large-scale sets of cross 
strata with flat silty, ahaly partings; paleocurrent S 5° W; unlt 
METERS 
2.0 
is laterally var lab le •• , , • • • • • • 7 .9 
Shale, sandy to lignltic, light olive gray; cemented 6.0 
Sandstone, fine, yellowisb gray; thln, large-scale sets of low-
angle cross strata; ripple cross strata • • • • 2 .5 
Shale, bentonitic to lignitic (top); lentlcular 
Sandstone, fine, mostly very flne; shale pebbles; small-scale 
cross strata; very-large-scale sets; parts rusty colored, 
• 3.5 
cemented; jarosite nodules ••• , , • 4.8 
ShalP, silty to bentonitic, olive gray 1.5 
Siltstone and shale; interbedded, yellowish gray to olive gray; 
from base up: siltstone, poorly consolidated, jarosite nodules, 
masslve to ripple lamination and cross lamination; lignite; 
shale; siltstone; shale. . • . • • • . • • • • • • • • • • 6.0 
Shale, bentonitic to lignltic, olive.gray; popcorn texture; 
massive . • • . . . . . . . . . . . . .. . . . . . . . 3.8 
Shale, silty, and shaly siltstone, parts lignltic, yellowish 
gray to light olive gray; medium bedded •• , • 3.8 
Shale, silty, light gray to light olive gray; massive 2.0 
Total 43.8 
BACON CREEK MEMBER 
Shale, silty, bentonitic, light olive gray • , •••••.•• 
Sandstone, fine, yellowish gray; base silty with flat bedding, 
rootlets; top shaly, lignitic, laminated; abandoned channel 
fill ........................ ,,. .. . 
Shale, silty, bentonitlc, to slightly lignltic, yellowish gray 









BACON CREEi< AND MARMARTH MEMBERS 
Sandstone, fine to medium, yellowish gray; lower part: large-
scale, grouped, planar, convergent sets of high- and low-angle 
cross strata, long foresets, paleocurrent N 85° E; plane bed; 
upper part: fine sandstone interbedded with siltstone that is 
sandy to shaly, dusky yellow, ripple lamination; very-large-
scale sets of low-angle (9° to 10") cross strata with lign!t!c 
METERS 
partings • . . . . . . . . . . . . . . . . . . . . . .. . . . . 17.0 
Measured Section WP9 
T. 15 N., R, 56 E., Sec. 29, NE~ of SE~ 
LUDLOW FORMATION 
Shale, silty, 1110derate reddish orange; flat lamination; baked 
Lignite . . . . . . . . . . . 
Shale and siltstone; shale at base is silty to l!gnltic; siltstone 
at top is light gray to yellowish gray, interbedded with shale 
2.2 
0.2 
and sand, parts laminated • , , ••• , • , • • • • • 7.8 
Lignite, black; well developed; parts shaly; laminated 0.5 · 
Siltstone, base sandy, top shaly, dusky yeHow • 7.9 
Lignite, interlsminated with shale and siltstone 0.7 
Siltstone, sandy to shaly (top), yellowish gray; lower part 
laminated (draped) with fine sandstone; upper 1.3 m shaly, 
lignitic.......... 6.5 
Lignite, pale brown; papery 
Siltstone and shale, flat interlaminated to interbedded; shales 
upward; siltstone is shaly (about 50 percent clay), yellowish 
gray to dusky yellow, very compact and hard, parts loosely 
consolidated . . . . . . • .. • • . . .. . • . . . . . . . .. • 
Lignite, shaly, and lign!tic shale, black to brownish black; 
roots; well developed; forms ledge, •••.••.••••• 








HUFF MEMBER METERS 
Sandstone and siltstone, yellowish gray to dusky yellow; parts 
loosely consolidated; poorly sorted; flat laminated. • . • • 5.0 
Siltstone and shale; thickly bedded, yellowish gray to dusky 
yellow; base concretionary; shales upward; top bentonltic (3.8 m) 
to lignltic (0.5 m), olive gray; vertebrate fossils. • 8.7 
Shale, bentonitic to lignltlc (top), olive gray to pale brown; 
grades laterally to lignitic siltstone and lignitlc shale ••• 
Sandstone, very fine to medium, clayey, light olive gray; flnes 
upward; abundant elliptical concretions; large-scale (0.4 to 0.6 m), 
grouped, planar, convergent and irregular (0.2 to 0.3 m) sets of 
high-angle, sigmoidal cross strata, long foresete, paleocurrent 
N 30° to 85° E; flat stratification (plane bed); abundant small-
8.7 
scale sets of cross strata ••••••• , 11.2 
Shale, silty, bentonitic, slightly lignitic 
Siltstone, sandy, yellowish gray; poorly sorted, upper part 
ligni tic ail t to lignltic shale , • • • • • • • • • • • • 
• 
. . . 
Siltstone, very shaly, dusky yellow to light olive gray; massive 
o. 7 
5.7 
to interbedded; jaroeite , ••••••• , • , • • • • • • 6.0 
Total 46.0 
BACON CREEK MEMBER 
Shale, bentonitic, yellowish gray; fossil plants and roots; top 
silty to lignltic . . . . . . . .. . . . . . . . . . . . .. . 2.9 
Measured Section WPIO 
T, 15 N., R. 56 E., Sec. 33, NE\ of NW~ 
LUDLOW FORMATION 
Shale, light olive gray to pale olive; flat to wavy lamination; 
sllckensldea . . . . . .. . . . .. . . . . . . . . 3~5 
Siltstone and shale, shales upward; shale is pale yellowish brown, 
partly lignltic, fossil plant parts, slickensides • 4.3 
Llgnlte, pale brown; papery; lenticular ••• , • 0.3 
348 
Slltstone and shale interbedded; shales upward to lignltic 
shale . . .. . .. . . .. ,, . . . . . . . . . . 
Lignite, graylsh black; vitreous; splintery; parts shaly 
Siltstone and shale, interbedded; shales upward to lignitic 
shale; near base: thin (2.2 m}, lenticular, light olive gray 
sandstone with concave-upward base 
Lignite, black; laterally persistent 
Slltstone and shale, shales upward; 
gray; thin sandstone with erosional 
lenticular lignite in the shale • 
yellowish gray to llght 
base nenr bottom; black, 
Llgnlte, black to brownish black; laterally persistent; 
interbedded with shale • • • • • , • , •• , 
Siltstone, sandy (base}, shales upward, dusky yellow: thln 
concretionary layers; thin bedded; top lignitic 
Lignite, black; laterally persistent .. . . .. . 
PRET'IY BUTTE MEMBER 













Siltstone, sandy to lignitic; grades laterally to sandstone 1.3 
Sandstone, fine to very fine, light olive gray to yellowish 
gray; well consolidated; base: large-scale, grouped, planar and 
weakly curved sets of low-angle, weakly concave cross strata; 
base is shaly, disrupted; top is shaly, silty • • • • • • • . • 3.8 
Siltstone and very fine 
sharp base; flnes up to 
bentonitic shale ••• 
sandstone, yellowish gray; flat bedded; 
and interhedded with lignltic and 
. . . . . . . . . 8.5 
Shale, bentonitic to lignitic, olive gray 3.2 
Shale, lignltic shale, and lignite sequence; a few thin sandstone 
beds with long, flat, llgnitic layers and erosional base • • • • 5.5 
349 
METERS 
Sandstone, silty, flne to very fine, yellowish gray to light 
olive gray; very-large-scale sets of nearly flat cross strata 6.8 
Shale, lignltlc ahale, and lignlte, lnterbedded; pale brown; 
1 to 3 thin lignites •••.•••••••••• , • • • • 3.0 
Sandstone, very flne, shales upward, yellowlsh gray to yellowish 
brown; very-large-scale sets of low-angle cross strata wlth 3 cm 
siltstone and olive gray shale partings; jarositic layers 6.2 
Shale, silty, bentonitic, llgnltlc, light olive grey • 5.3 
Total 42.3 
BACON CREEK MEMBER 
Sandstone, silty, light olive gray 2.8 
Measured Section WPll 
T, 15 N., R. 56 E., Sec. 33, SW\ of NE\ 
LUDLOW FORMATION 
Silt, dusky yellow to dark yellowish orange; poorly sorted; 
scorla . . .. . .. .. . . . . ' . . . 2,2 
Lignite, black; powdery; well developed O. 7 
Sandstone, fine, light olive gray; base is poorly sorted, silty, 
whitish; very-large-scale sets of low-angle cross strata dipping 
to southwest; exposure poor • • .. • . • • . • • • . . • • 5.7 
Siltstone, sandy, interbedded with sandstone 
(top); well consolidated; upper part: shaly, 
a few thin lignites • • • • • • • , • • • 
(base) and shale 
popcorn texture; 
. . . 
Lignite, pale brown to black; laterally persistent 
PRETTY BUTTE MEMBER 
Siltstone, sandy, yellowish gray to light olive gray; nnssive; 
5.0 
o.s 
top shaly and lignitic; flank gradational to sandstone •• , , 1.3 
350 
Llgn!te, silty, black; parts well developed 
Shale, very silty, bentonitic; gypslferous, 
massive . . . . . • . . . . • . . . . . . 
HUFF MEMBER 
Siltstone, sandy to silty sandstone; poorly 
ripple and climbing ripple lamination • . • 
. . . . . . .. .. . .. .. 
olive gray; . . . . . . . . . 
Total 
coneolida ted; jaroslte; 






Sandstone, fine, light ollve gray to yellowish gray; erosional 
base; a few concretions along horizons; lntraformational 
conglomerate of mud clasts; some beds cemented by siderlte and 
limonlte; large-scale (0.5 m), grouped,weakly curved sets of 
hlgh-angle (15°), slgmoidal cross strata with shale pebbles, 
pal~ocurrent S 27° E; abundant shale partings; appear to flll 
scour areas in sandstone; very-large-scale sets of low-sngle cross 
strata dip to south • • • • • • • • 14 .8 
Shale, silty to lignltic (top) • 3.8 
Siltstone, sandy to shaly (top); yellowish gray to dusky 
yellow; concretlonary layers; fossil vertebrates 10.0 
Lignite, black; laterally persistent 0.3 
Shale, very silty up to lignltic 4,6 
Total 38.l 
BACON CREJ!K MEMBER 
Siltstone, sandy to shaly (top); very poorly sorted; top: 
irregular and ripple lamination, lignltic, jarositic; several 
cyclic sequences present •••• , • • • • • • • • • 13.2 
Sandstone, very silty, yellowish gray; poorly sorted 1.2 
351 
Measured Sectlon WP12 
T, 15 N., R. 56 E., Sec. 33, SW~ of SE~ 
LUDLOW FORMATION 
Siltstone •••• . . . .. . .. . . .. . . . .. . . . . . . . . . 
Sandstone, fine, light ollve gray; large-scale (0.5 m), grouped, 
planar to weakly curved sets of hlgh-angle, weakly concave, 
METERS 
7.0 
tangentlal cross strata, paleocurrent S 40• E. • . . • • . 3.0 
Siltstone, shaly; shales upward to slightly lignitic shale 1.9 
Lignite, laterally persistent • . . . . . . .. . 
PRE'ITY Bt'TTE MEMBER 
Shale, silty to lignltic . . • . • . . . . . . . . . . . . • 
Sandstone, fine; shales upward; bedded; lenticular; jarositlc 
Lignite . • . . . • • . . . . . . . . . . . . . 
Shale, lignitic; thin sandstone (0.8 m) near base 
HUFF MEMBER 
Shale, bentonitic, silty, lnterbedded, parts are poorly 
sorted • . . . . . . . . . . .. • • • .. • • • • • 
Siltstone, sandy, dark yellowish orange; massive; lenticular 
Sandstone, parts cemented; sharp contacts 
Shale, lignitic •• , •• , , • . .. . . . . 
Siltstone, yellowish gray; some interbedded shale 
Total 
Sandstone, fine, yellowish grey; lenticular; very-large-scale 
sets of low-angle (6•) cross strata. , • , , •• 
Siltstone, yellowish gray; some interbedded shale 



















Siltstone, bright-colored marker bed 




BACON CR.EEK MEMBER 
Shale, bentonitic, light olive gray; popcorn texture 
Lignite , • • 
Shale, s!lty 
Lignite , • • 
Shale, silty 
Sil ts tone • • 
Sandstone, very flne to medium, yellowish gray; flst bentonltlc 
shale partings • • • • • • • • • • . • • , • 
Measured Section WP13 
T, 14 N., R, 56 E,, Sec, 4, NW\ of SE~ 
LUDLOW FORMATION 
Siltstone, sandy, light olive gray to dusky yellow; sharp 
base • • • • .. • .. • • • 
Shale, bentonitic to lignltic, parts sandy; olive gray 
Siltstone and claystone, sandy; light olive gray; very poorly 
sorted; top sandy • • • • , , • 
Lignite, black; laterally persistent 
PRETTY BUTTE MEMBER 
Shale, lignltic, massive; thin (0.5 m) siltstone bed near top 

















Shale, bentonitic to llgnitic, olive gray to pale brown; five 
thln (0.1 to 0.2 m) lignites; fossil vertebrates 3 m above 
base • • • • • • . • • • . . • • • • .. • • • • • • • · · • • ~ 
Sandstone. fine to very fine, base is cemented, clayey, poorly 
sorted; large-scale, planar sets of weakly concave cross strata 
trending south; base of sandstone weakly curved ••••• 
Shale and llgnlte, interbedded; olive gray; five thin (0,2 m) 
lignites present •••••••• , • 
Lignite, black; laterally persistent 
Shale, lignitic; thin siltstone bed present 
Lignite, shaly • . . . . . . . 
Shale, li~nitic, olive gray to pale brown 










Shale, lignltic, pale brown; massive 3.0 
Sandstone, silty, light olive gray; lenticular; sharp contacts 1.1 
Lignite; laterally persistent , • • • • • • • • • • • • • • • 0.3 
Shale, silty to lignitic, yellowish gray to olive gray; upper 
part is cemented, shal y s!l ts tone • • . • • • • • • • • • • • 4. 5 
BACON CREEK MEMBER 
Siltstone and lignite; sharp base 
Lignite, lenticular 
Shale, silty to lignltic 
Llgni te, ·laterally persistent 
• 
• 
·shale, sllty, bentonitic, lignitic, olive gray 
Lignite, laterally persistent , , • , , 
Siltstone and shale; flat bedded; shales upward to silty and 











Siltstone . . . . . . . . . . • . . . . . . . .. . . . . .. .. . . . 3.0 
Measured Section WP14 
r. 14 N., R. 56 E •• Sec. 4, SE',; of SE',; 
LUDLOW FORMATION 
Shale, baked, scoria 1.0 . . 
Lignite, partly oxidized 0,2 
Shale, yellowish gray to light olive gray; plant foaslls; hard; 
blocky; cllnkery; sulfate ash present 5.3 
Siltstone, yellowish gray . . . . 
Lignite, black; laterally persistent 
PRETTY BUTTE MEMBER 
7.3 
0.3 
Shale, silty, lignltic; olive gray; poorly sorted; several thln 
siltstone beds present; top gradations! to lignlte • • • • • • ~ 
HUFF MEMBER 
Siltstone, yellowish gray; sharp base, massive; poorly 
consolidated; limonlte and siderite concretionary layers; 
grades to shale • .•••..••.....•.•... 
Siltstone, sandy, shaly; irregular lamination; abundant 
rootlets; grades up to silty .and lignitic shale 
Lignite, laterally perslstent •• 
Slltstone and shale, top lignltic 
Lignite,' laterally persistent 











Sandstone, fine to very flne, yellowish gray to light olive 
gray; lower part: large-scale (0.4 m), planar sets of low-
angle (7°) cross strata, paleocurrent S 10° E; plane bed; mud-
crack clasts; very-large-scale sets of cross strata (0.1 to 0.3 m 
thlck), dipping south and east; upper part: very-large-scale 
sets with flat and irregular silty, shaly, and lignitic partings; 
plane bed, ripple lamination; interbedded sandstone, siltstone, 
and shale at top .. • .. • • • .. • .. • • • • .. • .. • • • • • • 8 .1 
Shale, silty (base), bentonitic, lignitic (top) and lignite, 
interbedded; olive gray to pale brown • • • • • • • • 5.2 
Sandstone, fine to very fine, yellowish gray to light olive gray; 
fines upward; large, ellipitcal concretions; very-large-scale 
sets; flat and ripple lamination; top (2.8 m) gradational .2.:± 
Total 43.l 
RACON CREEK MEMBER 
Shale, silty, light olive gray. 
Lignite, pale brown; lenticular • • 
• 1.7 
0.2 
Shale, bentonitic to lignitic, olive ·gray to pale brown 3.2 
Siltstone, sandy, yellowish gray; lenticular; jarosite nodules; 
base sharp; top poorly consolidated 2.7 
Lignite, laterally persistent ••• 
Shale, silty, bentonitic, lignitlc: from base up: bentonitic 
shale; lignitic shale (0.8 m); siltstone; bentonitic shale; 
lignitic shale (0,7 m); silty shale; ripple laminated, rooted, 
yellowish gray siltstone (2.4 m); bentonltlc shale; lignltic 
shale with fossil stump ••••••• , ••• • • • , • • • 
Measured Section El 
T, 15 N., R. 56 E,, Sec. J, NE% of SW~ 
LUDLOW FORMATION 
Silt and sand, yellowish gray to light olive gray 






Claystone, silty; some wavy lamination, •• , 
Lignite, parts silty, black to brownish black; powdery 
PRETTY BUTTE MEMBER 




lignitic matter . . . . .. . . • . . . . .. . . . . . . . . . . .. 2.5 
Total 2. 5 
HUFF MEMBER 
Sandstone silty; parts poorly consolidated; a few concretions; 
abundant rlpple cross strata . •••.••••••••...• 
T,ignite, black; blocky fracture; resin present; gypsum 
crystals . . . . .. . . . . 
Shale, lignitic, dark olive gray 
Siltstone, sandy, shaly . . . 
Sandstone, fine to medium, yellowish gray to light olive gray; 
fluted; base: large-scale, grouped, planar, parallel sets of 
high-angle (17• to 24•), straight to weakly concave cross 
. . 
strata; plane bed; at 3.7 m above base: concretion of large-
scale (0.3 to 0.8 m) sets vith lignitic matter on bedding planes; 





scale cross strata; top very silty. . • • . • • • . . . • .. • 7.0 
Lignite, black; earthy to vitreous; angular, blocky fragments 0,1 
Shale, bentonitic to lignitic • , •• , • , •• , • , • , , 
Shale, lign!tic; soft, plant fossils; and bentonitic, silty 
Shale and siltstone 
Shale, silty; rootlets 
Sandstone, fine to very fine, light olive gray to yellowish 
gray; fines upward; lower part: plane bed; small-scale planar 
to irregular sets of low-angle cross strata, bedded lignltic 
matter; upper part: calcareous concretions; very-large-scale s~ts 
of low-angle (4•) cross strata with dusky yellow partings dipp,ng 








Lignite • • , . . . . . . . . . .. . .. . .. ... . . . . . . . . 
Shale, sllty, bentonitic, lignltic; maaslve to lnterbedded; 
from base up: 0.6 m of bentonltlc shale, massive, rootlets; 0,3 m 
of lignltlc shale, olive gray to pale yellowish brown, and 
lignite, vitreous, hard, fossil stems; 1.0 m of sandy, 
bentonitlc shale, poorly sorted; 0,3 m of lignitic shale; 1.2 m 
of bentonitic shale, dusky yellow. , • , , , , ••••• 
Siltstone, sandy, yellowish gray; interbedded; lenticular; 
cemented layers; rootlets. • ............. . 
Sandstone, fine, yellowish gray to light olive gray; abundant 
vertebrate fossils; large-scale (0.3 m), grouped, planar sets 
of low-angle (11°), straight cross strata; flat atratiflcatlon; 
6D18ll-scale, grouped, planar, parallel and convergent sets of 
high-angle (22°), straight, dlecordant cross strata; top 
gradational to siltstone •••••••.•••.•••... 
Shale, bentonitic to lignitic, light olive gray to olive gray; 
varlegated; cyclic, alickens1des; plant fossils, parts 
silty . . . . . . . . • . . · • • • • • · • • . . . . . . . .. -
• 
Siltstone; lenticular; parts cemented; ripple cross strata; 
rootlets; fossil leaves . •••.• , . • • . • • . . . 
Shale, silty, bentonitic, lignltic (top); light ollve gray; 
poorly sorted; fossil stems and leaves , • • •• 
Siltstone, yellowish brown to grayish orange; manganosiderlte 
(ironstone) concretions; ripple cross strata •••••••• 
Sandstone, fine to medium, yellowish gray, tabular concretions 
(0,6 to 2.2 m); flat atratiflcation (3° to 5°); large-scale curved 
aeta of hlgh (23° to 25°) and low (10° to 12°) angle, concave 
cross strata; primary current lineation; paleocurrent S 56° E; 
small-scale, grouped, planar to curved, convergent sets of low 
angle, straight to concave cross strata; upper part: low-angle 
ripple cross strata; gradational to siltstone •• , ••• , 
BACON CREEK MEMBER 
Shale, sllty, bentonltic, lignitlc; yellowish gray to li~ht 
olive gray; popcorn texture; laminated; slickensides; fossll 
Total 















Siltstone, sandy to shaly, interbedded (5 to 8 cm) yellowish 
gray to moderate yellowish brown; sandy parts with Slllall-scale, 
grouped, planar to curved seta of low-angle straight to concave 
cross strata; climbing ripple, wavy, and flat lamination; 
concretlonary layers; fossil leaves • • • • • • • • • • • • 2.4 
Sandstone, fine to very flne, yellowish gray; fines upward; base 
is fine, clayey, parts cemented; at 1 m: large-scale (0.3 m) 
sets; at 2 ~: flne; at 3 m: very fine, silty; small-scale, 
planar, parallel and convergent sets of low to high (17°), 
stralght to weakly concave cross strata; calcareous concretions; 
flat stratification. . . . . . • • . • . . . . . • . • • . . • • 2.1 
Shale, sllty, lignltic, light olive gray; massive;' slickenaldes; 
abundant foasll plant stems; selenite crystals • • 1.1 
Siltstone, sandy, light gray; sharp contacts 0.2 
Snale, silty to bentonitic, light olive gray to moderate olive 
brown; manganosiderite concretionary layers •••• , • • • • • 0.8 
Sandstone, fine to medium, yellowish gray to dusky yellow; fines 
upward; large-scale (0.8 to 1.1 m), grouped, planar, parallel 
and convergent sets of high-angle (16° to 27°), straight to 
concave, discordant to tangential cross strata; sets thin upward 
(0.3 to 0.9 m); paleocurrent S 15° E • • • • • • • • • • • • • • 9.0 
Measured Section E2 
T. 15 N., R. 56 E., Sec. 3, NW\ of SE!,; 
LULDOW FORMATION 
Sandstone, very fine, yellowish gray; poorly sorted • • • • • • • 1.0 
Siltstone and claystone, interbedded; siltstone, clayey, 
yellowish gray, ripple, and cross lamination; limonlte streaks, 
jaroslte nodules; claystone: very silty, bentonitic, yellowish 
gray to light olive gray, massive ••• , ••••••••••• , 5.8 
Lignite,' pale brown; flaggy to papery; laterally peralstent; 
foBsll plants .......................... ~ . . . . 0.5 
PRETTY BUTTE MEMBER 
Shale, silty to lignltlc, and thln lignlte; light ollve gray to 
olive gray, black; rootlets , • • , • • • • • • • • • • • • 3.6 
359 
METERS 
Siltstone, sandy (up to 40 percent) to shaly, yellowlsh gray to 
dusky yellow; rootlets; jaroslte nodules; fossil leaves 0.8 
Total 4.2 
HUFF MEMBER 
Sandstone, very flne to medium, light olive gray; fines upward; 
base cemented; large-scale, grouped, planar, convergent sets 
of hlgh- and low-angle (14° to 27°), cross strata; top 
ail ty .. . . • • . . . . . . . . . . ,. . . . . . 
Siltstone, sandy; cemented; ripple cross strata • • 
Sandstone, fine to medium, light olive gray; large-scale, 
planar, convergent sets of low-angle (14°), straight to weakly 
concave, tangential cross strata; Sl!l8ll-scale, grouped, planar, 
parsllPl sets of high-angle (30°), straight to weakly concave, 
3.5 
LO 
tangential cross strata. • . . . • • • . . • • • . . . • . • • 4.1 
Siltstone and shale, interbedded; rootlets; concretionary 
layers,. a few sands tone beds • • . • • . . . . . . . . . 2.7 
Lignite, pale brown; well developed locally; laterally 
persistent • • • • • • • • . • . • 0.7 
Shale, silty to lignitic (top), light olive gray to olive gray 
and pale brown • • • • • • • , • 1.5 
Sandstone, fine to very flne, yellowish gray to light olive gray; 
fines upward; large-scale (0.5 to 0.6 m), planar, parallel and 
convergent and weakly curved sets of high- and low-angle (10° to· 
20°), straight to weakly concave, tangential cross strata with 
lignite on lamina; sets thin upward; Bffl811-scale cross strata; 
flat and irregular (chapted) lamination; top is siltstone with 
rootlets, poorly sorted. • • . . • • • • • • . • . . • • . • . 3.5 
Siltstone, and lignite (0,1 m); erosional base; lignite la black, 
vitreous, blocky • • . • • • • • • . ~ • 2.1 
Sandstone, fine to very fine; poorly consolidated; abundant flat 
(plane bed) stratification; parts organic; small-scale, curved 
sets; rootlets; upper 1 mis lignitic, shaly; abundant plant 
foeslls • •••• . . . . . . . . . 6,2 
Siltstone, sandy, shaly; and shale; shales upward; yellowish 
gray to dusky yellow; base: poorly sorted; rootlets; middle: 
silty, bentonitic shale (about half silt), laminated, siliclfied 
wood ................................... 5 2.0 
360 
Lignite, silty, brownish black . . . . . . 
Shale, sllty, bentonitic, lignitic, light olive gray; from 
base up: 0.6 m of lignitic shale, pale yellowish brown, fossll 
plants and stems; 1.4 m sllty shale, light olive gray (about 
one-half sllt), laminated, rootlets, fossll leaves; 0.5 m of 
lignitic shale, pale brown, fossil plants; 1.0 m of bentonitic 
shale, rootlets, laminated; 0.4 m of lignitic shale, grayish 
black, disseminated organic matter; 0.5 m of siltstone and 
METERS 
0.6 
shale, interlaminated, rootlets • • • • • • • • • • • • • • • 4.4 
Siltstone and sandstone, interbedded; abundant cobbly 
concretions; ahaly, bentonltic siltstone: yellowish gray to 
moderate yellowish brown, jarosite nodules, calcareous 
concretions, fossil vood; sandstone: very fine, light olive gray, 
lntraformstional conglomerate, small-scale cross strata, grades 
laterally to large-scale (0.3 m), planar, convergent sets of 
high- and low-angle (10° to 23°) cross strata; upper part is 
gradRtional to silty shale, rootlets, manganosiderite concretionary 
layers . . . . . . . . . . . . . . .. . . • • • • • • • " 
Sandstone, very fine to medium, yellowish gray, dusky yellow, 
light olive gray; lower part: large-scale, grouped, weakly 
curved and irregular sets of hlgh-angle weakly concave to 
sigmoidal cross· strata; concretionary; shale pebbles; elongate 
concretion of large-scale (0.3 m), grouped, planar, parallel, 
and convergent sets of hlgh-angle (15° to 27°), stralght to 
weakly concave, discordant cross strata overlain by plane bed; 
intraformational conglomerate; paleocurrent N 72° to 80° E; 
upper part: interbedded with siltstone; manganosiderite 
concretionary layers; some small-scale, planar and concave sets 
7.5 
of low-angle. concave cross strata . . . . .. . . . . . • hl 
Total 45.0 
BACON CREEK MEMBER 
Shale, silty, bentonitic, lignltic; thln concretionsry layers; 
from base up: 0.4 m of lignitic shale, medium light gray to 
pale yellowish brown; 0.2 m of siltstone, yellowish gray to 
dark yellowish gray, rootlets, plant stems; 0.8 m of silty, 
bentonitic shale, yellowish gray; 0.5 m of lignltic shale, 
slickensides, fossil plant stems; 0.5 m of silty, bentonitic 
shale; 0.3 m of lignltic shale; 1.0 m of bentonitic and lignitic 
shale, interlamlnated, rootlets, fossil plants; 0.8 m of 
bentonitic and lignltic shale, laminated with a few sandstone 
layers, top cemented • . . . • · • • • • • • • · • • • • 




Sandstone, fine to medium, yellowish gray; large-scale sets. • • 3.5 
Measured Section E3 
T, 15 N., R. 56 E., Sec. 3, SEI( of SE!( 
LUDLOW FURMATION 
Silt, clayey, dusky yellow to yellowish gray; a few thin 
sandstone bftds; fossil plants 
Lignite • . . . . . 
PRETTY BUTTE MEMBER 
Siltstone, sandy, interbedded, yellowish gray to dusky yellow; 
small-scale, grouped, planar and irregular sets of low-angle, 




lipni tic • . , . .. .. .. • • . . .. • . . . .. .. . .. . .. 3. 4 
Siltstone and lignltic siltstone, shaly, pale brown to pale 
yellowish brown; laminated; fossil rootlets, stems 2,2 
Lignite, black to pale brown; papery hl 
Total 5,8 
HUFF MEMBER 
Sandstone, very fine to medium; light olive gray; mostly well 
sorted; abundant concretions; fluted; large-scale (0,6 to 1 m), 
grouped, planar, parallel and convergent aets of high-angle 
(21°), straight to weakly concave, tangential to discordant 
cross strata, sets thin upward (to 0.3 m), paieocurrent S 55° 
to 60° E; Bl!lall-scale, planar, parallel and irregular sets of 
low-angle, straight to weakly concave cross strata; top is 
interlaminated with silt and lignite 9,4 
Lignite • • • • . . . 
Sandstone, very fine, light olive gray 
Shale, silty to lignitic; fossil plants • 
Shale, silty, bentonitic, lignltic; base up: 1.0 m of silty and 




0,5 m of lignltic shale, pale yellowish brown; 0,2 m of lignite, 
flsslle; 0,6 m of lignltic and shaly siltstone, light olive 
~ray; rootlets . • . .. .. .. . . . .. . .. .. • . .. . . . . .. . .. . 6.2 
362 
METERS 
Siltstone and sandstone, interbedded, yellowish 
yellow; a few thin concretionary layers; ripple 
flat lamination . . . . . • . .. . . .. • . .. • . 
gray to dusky 
cross strata; 
Sandstone, fine; flat lamination grading up to ripple laminatlon; 
2.5 
replaced laterally by silty, bentonitic, lignitic shale. • • • 2.9 
Shale, s11ty, bentonitic to llgnitlc (top), and lignite; light 
olive gray to ollve gray, pale brown and black; base poorly 
sorted; bentonite has popcorn texture; lignite has fossil 
stems • . • • • • • .. .. • • • • .. • .. • • • • .. .. • . .. .. .. .. 
Siltstone, sandy; and shale, silty; interbedded; yellowish gray; 
dusky yellow, light olive gray; parts well sorted; small-scale 
(~ to 1.5 cm), grouped, curved sets of concave cross strata; 
ripple lamination; laterally: very-large-scale sets of low-
angle (4° to 5°) cross strata (0.1 to 0.3 m) each consisting 
of sandstone, siltstone, and shale; top la interlaminated 
sa~~stone and shale; abundant rootlets ••••••••• 
Sandstone, very fine to medium, light olive gray to yellowish 
gray; abundant concretions; fluted; large-scale (0.2 to 0.7 m), 
grouped, planar, convergent aeta of high-angle (17°), straight 
to weakly concave, tangential cross strata, paleocurrent N 75° E; 
abundant mangsnosiderite concretionary layers; very-large-scale 
sets contain: clayey, lignitic partings; large-scale (0.3 to 0,6), 
grouped, planar, convergent aeta of high-angle (19°), straight to 
weakly concave cross strata with paleocurrent of N 70° E; flat 
lamination • . . .. . . . .. . .. • • . .. .. . . . . . . .. • .. 
Total 
BACON CREEK MEMBER 
Shale, silty, bentonitic, lignitic; yellowish gray to light 
olive gray; silty shale is poorly sorted and fissile; bentonitic 
shale has popcorn texture. . . . . . . • . • •.. • • • • 
Sandstone, fine to very fine, yellowish gray; fines upward; 
abundant round and elliptical, calcareous concretions; from base 
up: large-scale, planar, parallel and convergent sets; at 4 m, 
large-scale (0.2 m), grouped, planar, convergent sets of high-angle, 
straight to weakly concave, tangential to discordant cross strata 
· with plane hed; sets thin upward; at 5 m, small-scale, grouped, 
irregular to curved sets of low-angle cross strata with bedded 
lignltic matter, some irregular (draped) lamination; at 6 m, 
small-scale, planar, convergent sets of high-angle cross strata; 
very-large-scale sets include large- and small-scale cross strata, 
flat lamination, shale partings; top of sandstone very silty, 
abundant manganosiderite concretionary layers, gradational to 








Shale, sllty and sandy (base), bentonitic, llgnltic (top) • , , 3.0 
Sandstone, fine to medium, yellowish gray; fines upward; large-
scale {0.8 to 1.0 m), grouped, planar, parallel and convergent 
sets of hlgh-angle (17° to 23°), straight to weakly concave, 
discordant to tangential cross strata, paleocurrent S 45° to 
58° E; plane bed; upper part gradatlonal to lignltlc shale 6.0 
Measured Section E4 
T. 15 N., R. 56 E., Sec. 11, NW~ of NW~ 
LUDLOW FORMATION 
Sandstone, fine, yellowish gray to grayish orange , 
Claystone, silty {up to 50 percent silt), yellowish gray; thin 
limonitic concretions 





Claystone, very silty, gray 3.3 
Silt, top shaly, yellowish gray to d~sky yellow; flat, irregular, 
and rlpple laminatio·n ........... 4 • , • • • • .. • • • • 6. 7 
Lignite with interbedded silt; black to brownish black; flatly 
laminated; fossil rootlets, stems • • • • • • • • • • • • • • • 1.9 
PRETTY BUTTE MEMBER 
Siltstone and shale, yellowish gray to pale yellowish brown, 
and light olive gray; shales upward; abundant fossil rootlets, 
stems, leaves; top: irregular lamination of sandstone and 
siltstone; lignitic shale •••••••• , •• , , • • • • 3.8 
Total 3.8 
HUFF MEMBER 
Sandstone, fine to very fine, light olive gray; large-scale 
(0.6 to 1.2 m), grouped, planar, convergent sets of low-angle 
(12° to 13°), straight to weakly concave, tangential and 
discordant, paleocurrent N 80° E to S 60° E; small-scale cross 
strata and laminated organic matter; upper part: cliMbing ripple 
and cross lamination, interlaminated siltstone, flat and 
irregular lamlnation . . .. . • . . . . . . . • • • • • • • • • ,. 9.1 
METERS 
Shale, silty, bentonitic, lignitic; light gray to olive black; 
fossll stems . . . . .. . . . . . . . . . . . . . . . . . o. s 
Siltstone, sandy, shaly, lignltic, yellowish gray; rootlets; 
manganosiderite layers; limonlte streaks •• , • • 1.5 
Shale, bentonitic to lignltic, and lignite; lignite at top is 
black; papery to blocky, and vitreous •• , • , • • • • , 4.4 
Siltstone, sandy, yellowish gray; !llllnganosiderite layers; 
gradational base; lignite near top ••••••• , ••• , 1.2 
Shale, silty, bentonitlc, lignitic; fossil stems, rootlets 
Lignite, silty, dark yellowish brown; fossil plants . . 
• 1.8 
0.8 
Shale, bentonitic to lignltlc, yellowish gray to light olive gray; 
abundant fossil stems and leaves , • • • • , , • 0.4 
Sandstone, very fine, silty, light gray; rootlets; grades 
laterally to cleaner sands tone • • • , • • • • • • • • . . 2.4 
Siltstone and shale (top), interbedded (0,6 m beds}, yellowish 
gray; poorly sorted; calcareous concretionary layers common 4.6 
Lignite, blocky; plant fossils . . . 
Shale, bentonitic to lignltic; light olive gray to brownish 
black; popcorn texture; gypsum crystals 
Sandstone and siltstone, yellowish gray to dusky yellow; flat 
bedded; roots; rusty siltstone and conglomerate layers appear 
to dip 14° to 19" to south, may be partings of very-large-
scale, weakly curved sets of cross strata; small-scale (1,5 
to l cm), grouped, curved sets of hlgh-angle (18° to 36°), concave 
cross strata, paleocurrent S 50° E; sets thin upward; some 
climbing ripple stratification •• , , • , , , , , , , , , 
Sandstone, fine; light olive gray; large-scale (0,2 to 0.3 m); 
planar, parallel sets of hlgh- (21°) to low- (7°) angle, 
straight to weakly concave, tangential cross strata, paleocurrent 
N 20• E;.aome plane bed; top (0,4 m) gradational to siltstone, 
poorly sorted . . . . .. . . . . . • • • • • • · · • .. · • · "' ,. 
Siltstone, sandy, lignltic; yellowish gray; basal conglomerate; 
small-scale cross strata , . . . , , , • 







Siltstone, sandy and shale, sllty, bentonitic, lignltic; 
yellowlsh gray to dusky yellow; yellowlsh gray, dusky yellow, 
olive gray, pale brown; abundant rootlets and atems ••••• 
Sandatone, very fine, silty, yellowish gray; amali-scale (0.5 cm) 
grouped, curved and irregular sets of high- and low-angle 
(9° to 25°), concave to sigmoldal, tangential cross strata, 
cemented; flat lamination; lenticular .............. .. 
Total 
BACON CREEK MEMBER 
Shale, silty to lignitic (top), light olive grey to yellowish 
gray; gypsum crystala; slickensides. • •••••• 
Siltstone, shaly to lignitic, yellowish gray to pale yellowish 
brown • • • . . . . . . . . . 
Shale, lignitic to silty, light olive gray to olive black; 
papeey .. • • • • • • • • • • 
Siltstone, interlsminated with sandstone 
Shale, lignitic, light olive gray, olive black 
• 
Shale, lignitic to slightly bentonitic, olive grsy to olive 
black . • • . . . . . .. . .. • • • . 
Shale, bentonitic, silty, light olive grey 
• 
Siltstone, sandy, shsly, interlsminated; yellowish grey to light 
brown; small-scale sets of cross strata • • • , • • • 
Sandstone, very fine to medium, yellowish gray; base: large-
scale (0.3 to 0.5), planer sets of high-angle (21°), straight 
cross strata, sets thin upward; st 4 m above base, ripple cross 
strata; st 5 m, small-scale, planar, parallel sets of low-angle 
(3°) straight to weakly concave cross strata; top poorly 
sorted, bentonitic, shsly; mangsnosiderite nodules; plant 













Measured Section ES 
T. 15 N., R. 56 E., Sec. 11, SE!,; of NW!,; 
LUDLOW FORMATION 
Clayetone, lignltlc . . . . . . . . . . . . . . . . . . . . . 
Sandstone, fine; parts interbedded with siltstone; eroslonal 
base, small-scale cross strata; ripple lamination; paleocurrent 
METERS 
1.2 
N 82° E; concretionary layer; grades laterally to silt 1.5 
,Silt, clayey, yellowish ~ray to dark yellowish orange; poorly 
sorted • . . • ,. . . . • . • • . . . . .. . .. . . . . • • • • 
Sandstone, fine, clayey; parts interbedded with· siltstone and 
shale; large-scale planar convergent, irregular, and curved 
sets, psleocurrent N 78° E; plane bed; small-scale cross 
strata . . . . . . • . . . . . . . . . . . . . . . . . . . .. . . 
Silt and claystone, lnterbedded, yellowish gray to dusky yellow; 
1.8 
3.9 
thin concretionary layers; small-scale cross strata. • • • • • • 2,9 
Silt and sand, interlaminated; small-scale cross strata; flat 
and irregular lamination; poorly sorted ••••• , • , 1.4 
Lignite, interlamlnated with silt, pale brown to black; 
laterally persistent . . • . . .. . . .. . . .. . . . . .. .. 1.5 
PRETTY BUTTE MEMBER 
Shale, silty, bentonitic, and lignitic (top), interbedded with 
siltstone, light olive gray to yellowish gray; flasile; upper 
part jaroaitic, lignltic, poorly sorted 5,0 
Lignite . . . . .. . • . • • • • • • • • 
Total S.l 
HUFF MEMBER 
Siltstone, interbedded with sandstone, light olive gray to 
yellowish gray; 1.3 m of flat lamination, small-scale cross 
strata, climbing ripple lamination; 2 m of laminated siltstone 
and sandstone; 1.9 m of shaly siltstone and shale, irregular 
lamination, rootlets; 1.1 m of flne sandstone and siltstone, 
r !pple lamination . . . . • . . . • • • • • • • • .. • • • • • 6.3 
METERS 
Siltstone and sandstone, interbedded; abundant thin 
manganosiderite, concretionary layers; from base up: at l.S m, 
irregular (draped) lamination, rootlets; at 2.5 m, very flne 
sandstone and siltstone, light olive gray, poorly sorted, a 
ff"!lf thin lignites; at 3 m, sha!y, lignitic. , • • • • • • • 3.2 
Lignite, silty to shsly, black to brownish black; lenticular 0.3 
Shale, silty, lignltic, bentonitic; from base up: 0.7 m of pale 
brown, silty, lignltic shale; 1.7 m of yellowish gray, siltstone 
and shale, poorly sorted, rootlets; 0.1 m of bentonitic shale; 
1.1 m of pale yellowish brown, lignitic shale with plant 
fossils; 0.2 m of loosely consolidated, sandy siltstone; 0.4 m 
of olive gray bentonitic, silty shale, bard ••• , • • 4.2 
Siltstone, sandy (base) to shaly, top lignitic; abundant rootlets 
at base; fossil leaves; wavy lamination • • • • 3.1 
San~stone, fine to very fine, yellow1sh gray; to 2.9 m, poorly 
sorted, silty; at 3 m, large-scale (O.S to 0.6 m), planar, 
convergent sets of high-angle (24"), straight to weakly concave 
cross strata; large-scale, grouped, planar, parallel sets of high-
angle cross strata; very-large-scale sets of low-angle cross 
strata vitb siltstone partings dipping at 4° to 5°; small-scale 
cross strata; uppermost 3 m very silty, shaly, rootlets, plant 
fossils , • • , , 11. 9 
Lignite • • • • • • • • 0 .1 
Shale, lignltic, olive gray; fossil plants; parts silty, 
ligni tic . . . • . . . • . . . . . . . • . . . . ~ .. . 3. 1 
Siltstone, sandy to shaly and sandstone; small-scale cross 
strata and irregular stratification; rootlets; gradations! 
contacts; top shaly, bentonitic to lignitic, hard ••• , • • • 6.1 
Sandstone, fine to very fine; yellowish gray; lenticular; fines 
upward; large-scale (0,1 m), grouped irregular to planar, 
convergent sets of low- (10°) to high- (16°) angle, weakly 
concave, tangential croas strata; paleocurrent N 80° E; small-
scale cross strata; very-large-scale cross strata •••• , 2.2 
Total 40.5 
BACON CREEK 
Shale, silty (base), bentonitlc, lignltic; yellowish gray, 
olive gray, dusky yellow, pale brown; lower part: thin 
concretionary layers; middle: siltstone with rlpple and 
climbing ripple stratification, fossil leaves; small-scale cross 
J,JETERS 
strata; top: silty, lignltic, slickensided • • • • • . • • 3.1 
Sandstone, fine to very fine, light olive gray; flat lamination 
and amall-scale cross strata • • • • • • • • • 0.4 
Shale, bentonitic to organic, light olive gray to medium light 
gray; massive; hard; slickensided; fossil vertebrate bones. 0.9 
Shale, bentonitic to lignitic, yellowish gray to pale brown 
Siltatone, sandy to shaly; poorly sorted; compact 
Shale, silty, bentonitic, lignitic (top); olive brown to pale 
brown; lower part sandy, rootlets; upper part lignitic, papery 
Sandstone, fine to very fine, yellowish gray; small-, large-, 






very-large-scale sets are silty and rooted. , ••••• , • • • 7.7 
Measured Section E6 




Sandstone, fine to medium, yellowish gray; large-scale, grouped, 
planar sets of high-angle, straight cross strata; exposure 
poor . .. • . • • • • • • . . . . . . . . . . . . . . 
Lignite, brownish black; fossil plant stems, rootlets 
PRETTY BUTTE MEMBER 
·Sandstone, very fine, sUty, yellowish gray to light ollve gray; 
lenticular . . . . • . • • • • • • • • • 
Shale, silty to organic, yellowish gray to dark yellowish brown; 







Sandstone, very flne to flne, clayey, yellowish gray; parts 
poorly sorted; lenticular; parts cemented; parts interbedded 
with siltstone •••••••••••••••••• 
Claystone, silty; poorly sorted; flatly laminated 
Lignite, silty, black to pale brown; papery . . . 





Total 6. 7 
RUFF MEMBER 
Shale and claystone, lignitic, light olive gray to olive gray; 
poorly sorted . . . • . . . . . . . . 
Siltstone, yellowish gray to olive gray; poorly sorted; thin 
concretionary layers; limonlte streaks; interbedded with 
clayatone; rootlets 
Lignite, black. 





Shale, silty to lignitic, pale brown to brownish black; papery 0.7 
Sandstone, very fine to medium, clayey, light olive gray to 
yellowish grey; fines upward; small-scale cross strata; top is 
very shaly, interbedded, poorly. sorted • • • • • • • • • 3.5 
Shale, silty to bentonitic, yellowish gray to olive gray. 1.8 
Sandstone, very fine to medium, light olive gray to yellowish 
gray; from base up: at 1.5 m, very fine sandstone; at 2 m, fine 
to medium sandstone with fossll vertebrate bones; at 4.5 m, 
medium sandstone; round concretions; plane bed; large-scale, 
grouped, planar, convergent sets; at 6 m, fine sandstone, 
vertebrate fossils; at 7 m, shaly siltstone and sandstone; smsll-
scsle, grouped, planar, convergent sets of high- and low-angle 
(9° to 20°), cross strata, paleocurrent S 65° E; at 8 m, large-
scale sets (O.S to 0.6 m); st 10.S m, very fine sandstone, more 
ripple cross strata (14° to 20° dip), paleocurrent S 72° E; at 
12 m, very fine sandstone, clayey; st 13 m, shaly sandstone, 
·shale and siltstone, interbedded, poorly sorted; small-scale cross 
strata; very-large-scale sets •••••••• , ••••••• , • 14.4 
370 
METERS 
Shale, bentonitic to lignltlc; varlegated; from base up: 
4.8 m of silty, bentonitic shale, light olive gray; I.Im of 
lignitic shale; 2 m of silty, bentonitic shale, yellowlsh gray 
popcorn texture; 1.2 of lignitic shale, olive gray to medium 
light gray . • . . • • . . . . . . . . . . . . . . . . ,. . . . 9 .1 
Sandstone, fine to very fine, yellowish gray; large-scale, 
grouped, planar, convergent sets of high-angle, straight to 
weakly concave cross strata; small-scale cross strata; paleocurrent 
N 78" E; upper (2.8 m) part: very-large-scale sets; interbedded 
siltstone and sandstone; rootlets; laterally gradations! to flatly 
bedded sandstone and siltstone with concretionary layers. • • • • l:! 
Total 41.2 
BACON CREEK MEMBER 
~hale, silty to slightly lignitic, light olive gray; hard; 
fossil plants ••.•••••• , • • • . •• 
Siltstone, yellowish gray to dusky yellow; rootlets; a few 
manganosiderite concretionary layers •••••• , • 
. .. . . 
. . • • 
Sandstone, fine to very fine, yellowi~h gray; erosional base; 
large-scale (0.6 to 1 m), grouped, planar, convergent to weakly 
curved sets of high- and low-angle, straight to weakly concave, 
tangential cross strata; small-scale sets of low-angle, sigmoidal 
1.0 
3.1 
cross strata; top is shale and siltstone • • • • • • • • • • • 4.5 
Shale, silty, bentonitic, lignitic (top), yellowish gray to 
light ollve brown and pale brown; popcorn texture 1,5 
Siltstone, sandy, yellowish gray to dusky yellow; limonite 
streaks; well sorted; small-scale planar, parallel sets of high-
angle (23°), straight cross strata; wavy and irregular 
lamination •.• <I •• 11 ,. • • <t ,0 ••••• fl • • • <I ••• ' • o.a 
Sandstone, very flne to fine, yellowish gray; fluted; ironstone 
concretions; base: large-scale (0.3 m), grouped, planar, 
convergent sets of high-angle (24°), straight to weakly concave, 
tangential and discordant cross strata, paleocurrent N 83° E to 
S 68° E; small-scale cross strata; upper part: very-large-scale 
sets with fine partings dipping at 12°; poorly sorted; ripple 
cross strata, paleocurrent S 52° E; irregular and flat 
lamination; top grades upward to poorly sorted shale and siltstone, 




Meaaured Section E7 
T. 15 N., R, 56 E., Sec. 11, NE~ of SE~ 
LUDLOW FORMATION 
Silt, grayish yellow; partly covered •••••••• . . . . . 
METERS 
8.0 
Silt and shale, yellowish gray to dusky yellow; thin ironstone 
concretions; flat to wavy lamination 5,0 
Lignite • • + • • * • • • • • • • • 
PRETTY BUTTE MEMBER 
Shale, yellowish gray . . • 




Siltstone, lignitic, pale brown to moderate yellowish brown; 
shales upward • . . • . • . . -. 3. 8 
Lignite and siltstone, interlaminated 0.8 
Total 6.5 
HUFF MEMBER 
Siltstone, lignitic . . . . . . . . . . . . . .. . . . . . . . . 
Sandstone, fine to very flne, clayey, light gray to light olive 
gray; concretionary layers; plane bed, large-scale, grouped, 
planar sets of high-angle (35°) straight cross strata; base 
poorly consolidated, silty • •••.•••.•••.••.• 
Silt and sandstone, sandy, light olive gray to yellowish gray; 
oxidi~ed; poorly sorted 
Lignite, brownish black to black • 
Siltstone, sandy, yellowish; poorly sorted; irregular and flat 
lamination; rootlets; jarosite nodules 
Lignite, black • . . . 
Shale, lignltic, olive black 












Shale, silty to sandy, light olive gray; poorly sorted; poorly 
consolidated. • • • • • • • • • 1.5 
Siltstone, lignltic; poorly sorted 0,9 
Shale, very silty to carbonaceous, pale brown; 
and stems; purplish concretionary layers •• 
abundant roots 
Shale, silty (base), bentonitic, light olive gray; lenticular; 
2.2 
popcorn texture . • • . , • .. . . . . • . .. • 3. 8 
Sandstone, flne, yellowish gray; abundant concretions; base: 
verte~rate fossils; large-scale, planar to irregular, convergent 
sets of high-angle (20°), straight to weakly concave cross strata, 
paleocurrent S 45° E; top silty, shaly, rusty colored • • • 8.8 
Shale, bentonitic to lignitic (top), olive gray to light olive 
gray. . . . . . . . . . . . . . . . . .. 
Sandstone, fine to very fine, yellowish gray to dusky yellow; 
fines upward; parts poorly consolidated; parts cemented; lenticular; 
small-scale (1 cm), grouped, planar to weakly curved sets of high-
angle, straight, tangential crosa strata, paleocurrent N 70° E; some 
plane bed with shale pebbles and large-scale cross strata; also 
irregular (draped) lamination; vertebrate fossils (crocodile); 
2.6 
laterally: ripple cross strata, paleocurrent N 65° E • • 1.5 
Siltstone, yellowish gray to light olive gray; erosional base; 
ahaly top • . . • • . . • • . . • . . . 2.3 
Shale and siltstone (lower part); siltstone: yellowish gray; 
sandy; poorly sorted; dark, purplish concretions; flat and 
irregular lamination, rootlets; shale; silty, bentonitic, 
lignitic; yellowish ·gray to olive gray and olive black 6.3 
Lignite, silty, moderate brown to pale brown; papery • 0.3 
Siltstone, clayey (up to 40 percent clay), lignitic, pale brown 
to moderate yellowish brown; abundant fossil plant stems and 
other matter . .. .. • . . . . • . • . • . • • . . . . .. • · · .2.:1 
Total 41. 7 
BACON CREEK MEMBER 
Sandstone, fine, yellowish gray; erosional base; lenticular; grades 
laterally to siltstone with lignite beds and roots •• • • • 2.5 
373 
Shale, silty to sligh.tly lignltic, medium gray to light gray; 
upper part oxidized • ••..••.•...••• 
Siltstone, esndy; poorly consolidated; flatly layered; a few 
thln shale beds . . . . . . . . . 
Sandstone, fine to medium, yellowish gray; large-scale (0.2 to 0.5 
m), grouped, planar, parallel to irregular,,convergent sets of 
mostly high-angle (14° to 26°), straight to weakly concave cross 
strata with shale pebble conglomerate, paleocurrent S 75° E; at 
6 m above base: cemented layer of siltstone and very fine 
sandstone • • • • • • • • • . • . • . .. • • .. • .. .. • • . . • • . 
Measured Section EB 
T. 15 N., R. 56 E., Sec. 11, SE!,; of SE!,; 
L!mLOW FORMATION 
Silt and claystone, yellowish gray to dusky yellow; lower part 





ls partly oxidized (baked); lignite is black, shaly. • • • 7.0 
Lignite, moderate brown to black; base shsly; top powdery; 
laterally persistent . . . . . . . . . . . . .. . . . . . .. . .. 1.1 
PRETTY BUTTE Ml!MBER 
Shale, silty, bentonitic; olive gray to yellowish gray; top 
lignitic; silicified wood. , , • , •• , • • • • 3.2 
Total 3,2 
RUFF Ml!MBER 
Sandstone and siltstone, interbedded to interlamlnated, yellowish 
gray; irregular lamination with organic matter ••••••••• 
Sandstone, fine to very flne, clayey; poorly consolidated; 
shales upward; a few concretions; elongate concretion of large-
scale, grouped, planar, parallel and weakly curved sets, trends 
N 81° E; abundant slliclfied wood •• , ••• , , , , , • , , , 
Siltstone, sandy, shaly, llgnltlc (top); yellowish gray; oxidlzed; 





Lignite, black to blackish brown; powdery; lenticular 
Shale, silty, bentonitic, lign!tic, 
popcorn texture; hard; fossil plant 
crystals . . .. . . . . . .. 
yellowish gray to olive gray; 
fragments; gypsum 
. . . . . .. . . . 
Siltstone, shaly, light olive gray; poorly consolidated 
Sandstone, flne to very f!ne, light ol!ve gray; f!nes upward; 
elongate concretion (7.5 m long) of large-scale, grouped, planar 
to weakly curved sets, trends N 63° E; upper part very s!lty; 
poorly consolidated. • • •• . . . .. . . . . .. . 
Sandstone, fine to very f!ne, light olive gray; large-scale, 
grouped, planar, convergent sets of high-angle, straight to weakly 
concave, tangential cross strata; paleocurrent S 63° E; very-large-
scale sets with lign!tic partings dipping toward southwest and 
northeast; flat and wavy lamination; small-scale, grouped, planar, 






interbedded sandstone and siltstone; concretlonary layers 8.0 
Siltstone, oxidized; lenticular; massive • , • , ••• , 
Sandstone, fine, 'light olive gray; pebble conglomerate near base; 
large-scale (0.6 m), grouped, planar,.parallel and convergent 
sets of h!gh-angle (15°), straight cross strata, paleocurrent 
S 24° E; some weakly curved and planar, convergent sets of low-
angle (8° to 12°), paleocurrent S 8° E; vertebrate fossils; 
small-scale planar sets of high-angle, straight cross strata; 
very-large-scale sets with lignitic partings; upper part: abundant 
concretions, nodules, very silty (1.8 m) •••. , , •• , • , , 
Shale, bentonitic to lignitic; yellowish gray to brownish black; 
l. 2 
7,1 
hard; popcorn texture; rootlets •• , •. , • 1.9 
Lignite, pale brown to moderate brown; f!ssile 0,3 
Shale, silty, bentonitic, light olive gray, hard; smooth 1..,.1 
Total 42.9 
BACON CREEK MEMBER 
Siltstone, oxidized; laminated; small-scale cross strata; flat 
to irregular lamination; climbing rlpple lamination; jaroslte 
nodules . .. . . . . • • · • • • • • • • • · · • · • • · · · * • 1.0 
375 
Sandstone, fine to very flne, light olive gray to yellowish 
gray; large-'scale (0.2 to 0.4 m}, grouped, planar, convergent 
and weakly curved (0,1 to 0.2 m} sets of hlgh-angle (23° to 28"}, 
stralght to weakly concave cross strata, paleocurrent S 21° W; 
small-scale, planar to irregular sets, wavy lamination ••• , • 
Siltstone and shale, interbedded, yellowish gray to light olive 
gray; hard; parts massive; parts bentonltic; some ripple 
lamination and cross lamination; rootlets 
Lignite, shaly, pale brown; fossil plants 






Sandstone, fine to medium, yeliowish gray to light olive gray; 
fines upward; top clayey; large-scale (0.1 to 0.5 m), grouped, 
planar to irregular sets of high-angle (21°), concave cross strata, 
paleocurrent S 28° W; large-scale (0,4 to l m) planar, parallel 
sets of low-angle (13°) cross strata, paleocurrent S 10° W to 
S11°E ....................... , •. 4 .. 0 
Sandstone, fine to very fine, yellowish gray to light olive gray; 
fluted; abundant concretions; large-scale (0,2 to 0.4 m), grouped, 
planar, convergent sets of high- to low-angle (14° to 16°), 
straight crosa strata, paleocurrent S_ 36° to 46° E; seta thln 
upward; 8111811-scale sets; very-large-scale sets of cross strata 
dip 9° toward S 28° w; top 1.1 m very allty, shaly, bentonltic, 
jarosite nodules; popcorn texture • • • • • • • • • • • • • • • 9.0 
Measured Section E9 
T. 15 N., R. 56 E., Sec. 13, SW\ of NW~ 
LUDLOW FORMATION 
Sllt, parts sandy, light olive gray; parts cemented; flat, 
irregular, ripple and ripple cross lamination, parts clayey 
Lignite, pale brown; some laminated silt •••••. 
Sandstone, very fine, light olive gray; lenticular; sharp 
contacts .• • · • • ~ • • • 
Lignite, pale brown; powdery 
Silt and fine sandstone, interbedded; loosely consolidated; 





. . . 2.1 
376 
Lignite, pale brown to black; papery; weathered, •• , , •.•. 
PRETTY BUTTE MEMBER 
Shale, lignitic, 
Shale, massive • 
.. 
• 
Lignite, pale brown; poorly developed 








Sancatone, fine to very f!ne, light olive gray; flnes upward; 
small-scale cross strata; irregular bedding; roots 1.0 
Shale, bentonitic to silty, light olive gray to ollve gray 1.4 
Siltstone, dusky yellow; poorly sorted; interlaminated wlth 
sandstone; abundant fossil stems, lea.ves ••• , • , • • • 0.8 
Sandstone, fine, light olive gray; shales upward; base up: 
large-scale and small-scale, grouped, planar, parallel sets of 
high-angle (18°), straight cross strata, paleocurrent N 10° E; 
large-scale; weakly curved sets of low-angle, concave tangential 
cross strata, paleocurrent N 73° E; shale pebbles, concret!onary 
layers; very-large-scale sets of low-angle cross strata with 
siltstone partings dipping N 8° Wand S 10° W; large-scale, grouped, 
planar, convergent sets of straight to concave tangentlsl cross 
strata, paleocurrent S 54° E; crocodile fossils. • • • • • 7.2 
Shale, silty to carbonaceous; some bentonitic and lignitic; 
base up: silty shale, light olive gray, roots (0.5 m); gray, 
silty, carbonaceous shale (0,4 m); silty, carbonaceous shale 
(l.9 m); siltstone with roots (0.4 m); silty, carbonaceous 
shale, stems (2.5 m); silty shale, yellow gray • • • • • 7.8 
Sandstone, fine, light olive gray; large-scale (few tenths of a 
meter), planar, parallel sets of high-angle cross strata, 
elongate concretions trend S 8° W; very-large-scale sets of low-
angle cross strsta (0.5 to l m thick, 50 to 75 m long), thin 
upward; swale flll consists of laminated organic matter, 
siltstone, shale, and sandstone, 10 to 30 m wlde, 3 rn thick; 
upper part of sandstone is silty, dusky yellow • • • • 3.1 
377 
METERS 
Shale, bentonit1c to lignitic, and lignite, interbedded; 
bentonitic shale is light gray, popcorn texture; lignltic shale 
is pale brown, fossil plant leaves stems; lignite is pale brown 
to black,. papery . . . • • . . .. • . . . .. . . . .. . . . . 5 .. 0 
Lignite, shaly, pale brown; fossil plant stems; laminated 0.3 
Siltstone, shaly and silty shale, yellowish gray. • • • • 1.2 
Sandstone, very fine to medium, light olive gray; fines upward; 
concretion of large-scale, planar, parallel and convergent sets 
of high- (23°) to low- (11°) angle, straight to weakly concave, 
tangential cross strata; lower part: fine to medium sandstone, 
large-scale (0.3 m to 0.5 m) and small-scale (1 to 2 cm), grouped, 
irregular and planar convergent sets; upper part: climbing ripple 
lamination, very fine sandstone, siltstone, paleocurrent 
S4°w ............................. Qd. 
Total 4I.O 
Measured Section ElO 
T. 15 N., R. 56 E., Sec. 13, NW~ of SW~ 
LUDLOW FORMATION 
Silt, sandy to shaly, moderate yellowish brown to dusky yellowish 
brown; ripple laminated and cross laminated • 
Shale, lignitic, black; powdery ••••• 
Silt and siltstone, yellowish gray; poorly consolidated 
Shale, lignltic . . . .. . . . • .. · • .. .. • • · • • · • 
Shale, silty, yellowish gray; poorly consolidated; poorly 
sorted • . .. • . • .. • • • 
Lignite, pale brown; blocky 
Siltstone, esndy, shaly and lignltic (top); poorly 
consolidated ......... • • • • • • • • .. • • • • . . . .. 
Lignite and lignltic shale, pale brown to black; blocky to 
flsslle . . .. . . . . • .. • · • • .. • • · · • ~ • · · 
S!ltstone, interbedded with flne sandstone, yellowish gray to 
dusky yellow; llmonite nodules and staining common; parts sandy, 
grayish orange. small-scale cross strata, flat and irregular 













Lignite, pale brown to black; fissile •••••••••• , • , , 0.9 
PRETTY BUTTE MEMBER 
Shale, lignitic to allty . . . . . . .. .. . . . . . . . . . . 
Shale, bentonltic to lignltic, olive gray to yellowish gray; 
parts silty; poorly sorted; rpotlets • , ••••••••• 
1.6 
Total 4. 7 
HUFF MEMBER 
Siltstone, very sandy; rootlets, • , ••••••••• 
Sandstone, fine, light olive gray; tabular concretions; base: 
smalJ-scale, low-angle, cross strata wlth silt and shale; sets 
are l cm thick, irregular to weakly curved, and planar sets; 
vertebrate bones (turtle); middle: large-scale (0.4 m), grouped, 
weakly curved sets of high-angle (15°) cross strata, paleocurrent 
S 49° E; elongate concretion of lsrge-scsle (0.2 to 0,3 m), planar 
to weakly curved, convergent sets of high (19°) to low (9°) angle, 
straight to weakly concave cross strata with organic matter on 
lamina, trending S 51° E; very-large~scale sets of low-angle 
(9°) cross strata; top: flst, irregular, ripple and climbing 
ripple lamination; large-scale (1 m), convergent sets of weakly 
concave cross strata; grades up to silty, shaly, very fine 
sandstone with climblng rlpple lamination ••••• 
Shale, silty, poorly sorted, to lignitlc; yellowish grey 
Lignite, shaly to silty, pale brown to grayish brown; massive 
to laminated .••••••. 
Shale, top lignltic; massive , • 
Siltstone, parts sandy, yellowish gray to dusky yellow; masslve 






wood • , , , , • , • • • , • • • • . • • • • • • • • • , 3, 7 
Shale, parts silty to lignitic, olive grey to light olive gray; 
fossil plant stems and pelecypod; a few thin sideritic 
concretionsry layers 
Lignite, lenticular 







BACON CREEK MEMBER 
Sandstone, fine; very-large-scale sets of low-angle cross 
strata (O.S m) with siltstone and shale partings (0.2 to 0.5 m 
thick); plane bed •.•.....•...•...••..... 
Sandstone, fine to medium, yellowish gray to light olive gray; 
large-scale (0.1 to 0.8 m), grouped, planar, convergent sets of 
high-angle (18°), straight to weakly concave, tangential cross 
strata, paleocurrent S 18° W; very-large-scale sets; poorly 
METERS 
sorted; lignitic and silty shale partings with fossil stems . • 14.0 
Measured Section Ell 
T. 15 N., R. 56 E., Sec. 13, SE~ of SW~ 
LUDLOW FORMATION 
Claystone, silty, and graylsh yellow silt; weathered; partly 
covered , 
Silt 
Claystone, slightly silty, olive gray; massive 
Lignite • • , , ............ 
Silt, yellowish brown; bedded; upper part lignltlc 
Lignite, silty to shaly ..•...••. 







Shale, silty to lignitic (top); poorly sorted . • . . . . . . 4.0 
Total 4.0 
HUFF MEMBER 
Sandstone, fine to very fine, yellowish gray to light olive gray; 
large-scale (0.5 m), grouped, planar, convergent sets of high-
angle (15°), weakly concave, tangential cross strata, paleocurrenL 
S 44° E; upper part very fine, grades to 2,2 m of s iltstone 
and silty shale . . . . . . . . . . . . . . . • . . . . . • . , , . 
Shale, bentonitlc, olive gray; massive; abundant fossil 
vertebrates (crocodile) . . . . . . . . .. , ..• · 













Sandstone, fine, light olive gray; erosional base; lenticular; 
large-scale (0.4 m) planar to weakly curved sets of high-
angle, weakly concave cross strata, elongate concretion trending 
S 75" E; small-scale (1 cm) grouped planar to irregular, 
convergent sets; very-large-scale sets of low-angle cross strata 
(0.05 to 0,1 m) with siltstone partiRgs dipping toward S 15° E; 
METERS 
abundant vertebrate bones ••••.••.•••••• , • • • 6.0 
Siltstone, sandy (top), shaly (base); top poorly consolidated 
with concretlons and vertebrate bones; base lignitic 1.8 
Lignite . . . . . . .. . . . . . . . . . . . . . . . 0.2 
Shale, silty to lignitic, and siltstone, very shaly; light olive 
gray to dark yellowish orange; fossil plants; abundant sideritic 
and 11monlt1c concretions; top lignitic, pale brown • 4.8 
Li1mite, pale brown to black; laterally persistent 0.2 
Shale and claystone, silty (base), lignitic (top); olive gray to 
pale yellowish brown • • • • • • • • • , • , 2.2 
Silt, sandy to ~layey; yellowish gray to dusky yellow; poorly 
consolidated; parts cemented; interlaminated with very fine sand 
in wavy laminations; lignitic nodules •• , , • , • • 3.4 
Shale, silty, and siltstone, shaly; dark yellowish orange; 
sideritlc concretions; parts dusky yellow and bentonitic L 7 
Lignite, pale brown to black; laterally persistent. 0.3 
Shale, silty, bentonitic, lignitic; light olive gray to pale 
brown; laminated; well consolidated , •••• , • , , , ••• , • 2.2 
BACON CREEK MEMBER 
Lignite and lignitic shale, pale brown, hard; f-0ssil plant 
stems. leaves, roots • .•• , • • • • 







Measured Sect.ion El2 
!. 15 N., R, 56 E., Sec. 24, NW~ of NE\ 
LUDLOW FORMATION 
Silt, grayish yellow; partly covered; loosely consolidated 
Claystone, silty, olive gray . 
Lignite . . . . . . . . . . 





gray to olive gray; poorly sorted; concretionary layers 5.8 
Lignite, shaly, brownish black. , . . . . . . . . . .. . 
PRETTY BUTTE MEMBER 
Shale, bentonitic to lignitic, ·olive gray 






Siltstone, top lignltic, shaly •••• . . . . . . . . . . . . . . 
Sandstone;very fine to medium, clayey, light olive gray; 
friable; concretions; large-scale (few tenths of a meter), planar, 
convergent sets of high-angle (21°), straight to weakly curved, 
tangential cross strata, paleocurrent S 50° to 64° E; organic 
matter on lamina; at 6 m above baae: vertebrate bones and 
silicified wood; at 12 m, very fine sandstone; at 17 m, very 
1.1 
fine sandstone, siltstone, yellowish gray to grayish orange; 
sideritic concretionary layers near top •• , ••••••••• , 17.5 
Shale, lignitic and lignite, interbedded; olive gray to 
grayish brown; four cycles of shale and lignite; fossil plant 
atems and 'WIOOd • • • • • • • • • • • • • • • • • • • • • • • • • 4 .8 
Siltstone and sandstone, interbedded; poorly sorted; organic 
matter on lamina; jarosite nodules; vertebrate bones; top 
gradational to shale. • • • . • • • • .. • • . • . • • . . • . . • 3.7 
Siltstone and sandstone, interbedded; light olive gray; 
massive " • • • I • • • . . . . . . . . . . . . .. . . . . - . . . 2.6 
382 
Shale, sllty, yellowish gray to dusky yellow; masslve to 
interbedded; hard; limonltlc and slderltlc concretionsry 
layers; rootlets; top lignltlc. , •••• 
Lignite, dark brown; laterally perslstent 
Shale, sllty to sandy; oxidized; roots; top llgnitic 
Shale, lignltlc, yellowish gray; hard . . . . . . . 
Sandstone, flne; erosional base; gradatlonal top; cemented small-
scale (1 to 5 cm), planar and weakly curved, convergent sets 
of low-angle, concave, tangential cross strats, paleocurrent 
S 60° E; a few pyrltic nodules; more small-scale (1 to 2 cm) sets 
of cross strata; grades up to ripple lamination, siltstone, 
silty shale, and laminated organic matter •••.•• 
Shale, hentonitic to lignitic, light olive gray; thin sandstone 
(0.1 m) layer near base is oxidized and laminated; upper part 
llgnltic, pale brown, papery • • • • • • • • • • • • • • • • 
Total 
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leaves • • • • • • • • • • • • • •• , •• , , • 0,5 
Shale, very silty to lignitic, light olive gray to pale 
yellowish brown and pale brown; laminated; rootlets (extend into 
siltstone below) • • • • • • • • . . • . • • • . . . • 3.6 
Shale, silty, sandy, lignitic, and siltstone; olive gray, 
yellowish gray, dusky yellow; oxidized, laminated, small-scale 
cross strata in siltstone; roots • ••.•.•..•••• • • ~ • 1.9 
Sandstone, fine, clayey, yellowish gray; loosely to moderately 
consolidated;. irregular lamination; fines upward to shale 7.7 
APPENDIX B 
TEXTURAL· CHAR;\CTERISTICS OF SANDSTONE UNITS 
IM FOX HILLS, HELL CREEK, AND LUDLOW' FORMATIONS 
GLENDIVE AREA, MONTANA 
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i l Sand Silt- Medlan Mean Sample No. % Clay% 115 vl95 016 084 050 0 m ! 
Yellowstone 
Yl-Q 92.2 7.8 2.01 3.06 2.30 2.87 2.60 2.59 
Yl--0 90.9 9.1 2.66 2.96 2.78 2.80 
Yl-G 82.2 17.8 2.20 3.44 2.68 3.23 3.06 2.99 
Yl-1' 86.6 13.4 2.08 2.77 2.19 2.56 2.34 2.36 
Yl-E 97.1 2.9 2.28 2.99 2.40 2.78 2.55 2.58 
Yl-C 86.2 13.8 2.66 2.96 2.78 2.80 
Y2-N ?7.5 22.5 2.16 3.03 2.38 2.83 2.62 2.57 
Y2-M 96.4 3.6 
Y2-L 93,3 6.7 1.64 2.65 1.88 2.45 2.05 2.13 
Y2-K 94.0 6.0 1.33 2.55 1.53 2.30 1,81 l.88 
Y2-l 65;1 34.9 2,60 3.37 2.78 3.21 2.95 2.98 
Y2-H 86.0 14.0 2.29 3.24 2.70 3.10 2.89 2. 90 
Y2-G 98.1 1.9 1.82 2.59 1.97 2.39 2.17 2,18 
Y2-E 89.l 10.9 2.01 3.03 2.32 2.87 2.60 2.60 
Y2-C 92.0 8.0 2.20 3.10 2.43 2.93 2.68 2.68 
Y2-11 Q2.9 7.1 1.78 2.76 l.96 2.44 2.20 2.18 
Y2-A 95.2 . 4,8 2.22 2,87 2.34 2.72 2.50 2.52 
Y3-N 93.3 6.7 l.64 2.87 1.90 2.58 2.28 2.25 
Y3-M 1.60 2.51 1.84 2.20 2.08 2.07 
Y3-K 95.0' 5.0 1.45 2.80 1.74 2.49 2.03 2.09 
Y3-J 94.7 5.3 1.12 2.53 1.34 2.16 1. 75 L 75 
Y3-H2 66.1 33.9 2.83 3.20 3.03 3.02 
Y3-Hl 81.0 19.0 2.99 3.40 3.03 3.31 3.18 3.17 
Y3-F 96.8 3.2 2.21 3.05 2.33 2.80 2.53 2.55 
Y3-E 84.8 15.2 2.11 3.01 2.28 2.89 2.54 2.57 
Y3-D 97 .6 12.4 1.88 2. 73 2.02 2.43 2.19 2.21 
Y3-C 96.4 3.6 2.00 2.76 2 .17 2.46 2.28 2.30 
Y3-ll 95.2 4.8 2.29 2.99 2.45 2,87 2.66 2.66 
Y3-A 94.5 5.5 2.35 2.96 2.47 2.83 2.63 2.64 
Y3-l 88.6 11.4 2.17 3.13 2.32 2. 98 2.58 2.65 
Y5-5 89.4 10.6 2.79 1.81 2.47 2.03 2.10 
YS-2 90.8 9.2 1.22 2.71 1.37 2.35 1. 71 1,81 
Y6-l3 91.8 8.2 1.84 2.66 2.01 2.44 2.22 2.22 
Y6-12 77 .9 22.1 2.58 3.27 2. 75 3.15 2.93 2.94 
Y6-ll 86.5 13.5 2.50 3.32 2.76 3.18 3.01 2.98 
Y6-10 83.9 16. l 2.58 3.39 2.80 3.23 3.01 3.01 
Y6:.6 89.6 10.4 2.08 3.19 2.27 2.90 2.54 2.57 
Y6-5 95.0 5.0 1.64 2.60 1.82 2.32 2.04 2.06 
Y6-4 94.7 5.3 1.53 2.86 1.74 2.46 2.01 2.07 
Y6-3 97.5 2.5 1.13 2.14 1.25 1.85 1.46 1.52 
Y6-2 96.1 3.9 1.23 2.15 1.43 1.93 1.65 1.67 
1 Locations shown on plates 2 and 3 
, 
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Sand Silt- Median Mean 
Sample No. % Clay% "s 095 fl16 fl84 050 I'm 
Y7-15 84.3 15.7 2.24 3.02 2.38 2.84 2.58 2.60 
Y7-14 89.4 10.6 2.15 3.00 2.26 2. 71 2.52 2.50 
Y7-ll 81.0 19.0 2.76 3.32 2.86 3.21 3.02 3.03 
Y7-10 83.1 16.9 2. 70 3.28 2.87 3.23 3.11 3.07 
Y7-9 85,4 14.6 2.84 3.30 2. 91 3.17 3.00 3.03 
Y7-8 90.6 9.4 2.47 3.02 2.54 2.90 2.70 2.71 
Y7-7 82.7 17.3 2.35 3.32 2.54 3.13 2.85 2.84 
Y7-6 89.4 10.6 1.88 3.13 2 .41 2.90 2.68 2.66 
Y7-4 95.6 4.4 1.52 2.36 l.65 2.15 1.82 1.87 
Y7-3 88.5 11.5 1. 71 2.87 1.89 2.56 2.33 2.26 
Y8-A8 96. 7 3,3 2.21 2.88 2.35 2. 70 2.48 2.51 
Y8-A7 93.l 6.9 1. 79 2. 78 1.94 2.33 2.38 2.22 
Y8-A6 94.0 6.0 1.26 2.55 1.95 2.42 2.23 2.20 
Y8-A5 93.9 6.1 1.97 2.88 2.09 2.57 2.26 2.31 
Y8-A4 92.7 7.3 1.75 2.94 1.88 2.54 2.12 2.18 
Y8-A3 93.8 6.2 1. 63 2.69 1.83 2.45 2.15 2.14 
Y8-A2-2 93.8 6.2 1. 71 2.58 2.23 2.17 
Y8-A2-l 90.9 9.1 1.47 2.75 1.82 2.52 2.22 2.19 
Y8-Al 92.7 7.3 1.93 2.83 2.12 2.60 2.36 2.36 
Y8-Z 87,2 12.8 l. 76 2 .91 2.06 2.62 2.32 2.33 
Y8-W 94. 7 5.3 1.45 2.45 1.67 2.06 1.87 1.90 
Y8-V 94.7 5.3 0.93 2.49 1,31 2.11 1.17 1. 72 
Y8-U 93.6 6.4 1.56 2.56 1.80 2.36 2.04 2.07 
Y8-S 80.5 19.5 2.50 3.25 2.56 3.06 2.75 2.79 
Y8-R 90.5 9.5 1.98 2.95 2.15 2.67 2.42 2.41 
Y8-P 93.9 6.1 1.20 2.54 1.46 2.22 1.86 1.85 
Y8-0 90.7 9.3 2.ll 3.11 2.30 2.87 2.60 2.59 
Y8-N 88.9 11.1 1.22 2. 77 1.81 2.49 2.10 2.1~ 
Y8-M 79.8 20.2 2.50 3.11 2.89 2.83 
Y8-J 81.9 18.1 2.25 2.98 2.40 2.79 2.54 2.58 
Y8-l 79.7 20.3 2.38 3.13 2.53 2.90 2.67 2.70 
YB-I! 78.5 21.5 l. 79 2.95 2.14 2.71 2.48 2.44 
Y8-F 86.2 13.8 1.49 2.60 1. 73 2.31 1.95 2.00 
Y8-B 83.8 16.2 2.03 2.85 2.31 2. 71 2.52 2.51 
Y8-A 82.1 17.9 2.16 2.84 2.32 2.65 2.45 2.47 • 
Y9-J 89.8 11.2 1. 71 2.99 2.24 2. 76 2.48 2.49 
Y9-F 63.1 36.9 2.77 3.48 2.93 3.31 3.07 3.10 
Y9-D 84.4 15.6 2.61 3.32 2.75 3.17 2.96 2. 76 
Y9-C 93.4 6.6 2.09 2.95 2.25 2,67 2.45 2 .46 
Y9-B 93.5 6.5 2.01 2.96 2.26 2. 75 2.50 2.50 
YlO-H 83.0 17 .o 2.50 3.24 2.64 2.99 2.82 2.82 
YlO-G 87.5 12.5 2.30 3.26 2.51 3.03 2.74 2.76 
YlO-F 88.1 11.9 2.38 3.74 2.58 3.08 2.81 
2.82 
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Sample No. % Clay% 115 1195 •16 1184 11so I' m 
YlO-D 89.0 11.0 1.87 3.00 2.15 2.80 2.48 2.48 
YlO-B 94.1 5.9 1.86 2.83 2.01 2.53 2.18 2.24 
Sand Creek 
SCl-1 96.1 3.9 1.22 2.62 1.38 2.18 1.73 1.76 
SC4-l 90.5 9.5 2.80 3.46 2.88 3.30 3.01 3.06 
Dawson Coulee 
DCl-5 61.6 38.4 2.38 3.52 2.91 3.39 3.19 3.16 
DCl-4 71.7 28.3 2.53 3.39 2.72 3.19 2.88 2.93 
DCl-3 71.9 28.1 2.48 3.19 2.66 3.06 2.85 2.86 
DC2-3 87 .8 12.2 1.52 2.79 1.81 2.42 2.04 2.09 
DCJ-6 75.8 26.2 2.71 3.38 2.92 3.18 3.07 3.06 
DC3-5 89.5 10.5 1.89 2.83 2 .16 2 .61 2.37 2.38 
DC3-3. 90.6 9.4 1.01 2.89 1. 74 2.59 2,10 2.14 
DC3-2 88.8 11.2 2.10 3.02 2.29 2.80 2.53 2.54 
DC3-l 94.6 5.4 1.19. 2.15 1.31 1.86 1.49 1.55 
DC4-3 66.6 33.4 2.88 3.24 3.11 3.08 
DC4-2 96.5 3.5 1.28 2.81 1.55 2.29 1.80 1.88 
DC5-6 84.8 15.2 1.84 2.98 2.00 2.69 2.20 2.30 
DC5-5 89.1 10.9 l. 72 2.75 1,79 2.31 1.96 2.02 
DC5-4 92.6 7.4 1.50 2.63 1. 71 2.23 1.88 1.94 
DCS-3 93.3 6.7 1.30 2.35 1,51 2.04 1. 71 1. 75 
DC6-3 86.8 13 .2 2.00 2.95 2.19 2. 75 2.46 2.47 
DC6-2 88.2 11.8 2.41 3.08 2.57 2.91 2.80 2.76 
DC6-l 93.l 6.9 2.01 2.90 2.19 2.67 2.50 2.45 
DC8-5 86.3 13. 7 2.29 3.11 2.46 2.90 2.65 2.67 
DC8-4 70.6 29.4 2.71 3.50 2.89 3.37 3.09 2.97 
DC8-3 81.3 18.7 2.26 3.15 2.62 3.02 2.87 2.84 
DC8-2 90.2 9.8 1.62 2.96 2.20 2.76 2.49 2.48 
DC8-l 92.8 7.2 1.50 2.23 1.65 2.07 I.84 1.85 
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Sample No. % Clay % l's P95 1'16 1'94 Pso I'm 
• Cains Coulee 
CCl-10 91.9 8.1 1. 77 2.96 2.05 2.62 2.20 2.29 
CCl-9 89.6 10.4 1.80 2. 72 2.08 2.46 2.23 2.26 
CCl-8 92.0 8.0 1.45 2.37 1.64 2.03 1.80 1.82 
CCl-7 91.9 8.1 2.07 2.95 2.26 2.73 2.47 2.49 
CCl-6 8!l.2 11.8 
CCl-5 92. 7 7.3 2.17 2.80 2.22 2.47 2.33 2.34 
CCl-2 89.8 10.2 1.82 2. 71 2.02 2.49 2.23 2.25 
CCJ-1 83.4 16.6 1.36 2.44 1.63 2.15 1.98 1.92 
CC6-9 9-1.0 9.0 1.08 2.62 1.27 2.15 1.55 1.66 
CC6-8 86.4 13.6 2.16 3.21 2.39 2.98 2.57 2.65 
CC6-4 92,4 7.6 2 .14 
CC6-3 84.5 15.5 1.94 3.01 2.22 2.83 2.56 2.55 
CC6-2 91.6 8.4 1.60 2.71 1.81 2.42 2.04 2.U9 
CC6-l 94.3 5.7 1.52 2. 75 l. 79 2.37 1.98 2.05 
CC7-13 89.7 10.3 1,53 2.54 1. 70 2.22 1.88 1.93 
CC7-ll 89.7 10.3 1.37 , 2.83 1. 79 2.56 2.20 2.18 
CC7-10 91.5 8.5 1.85 2.70 2.00 2.50 2.22 2.24 
CC7-9 91.8 8.5 1. 75 2.20 2.06 2.00 
CC7-8 94.2 5.8 1,88 2.55 2.01 2.33 2.16 2.17 
CC7-7 84.1 15.9 2.02 2. 77 2.18 2.53 2.34 2.35 
CC7-6 88.5 11.5 2.15 3.11 2.35 2.86 2.57 2.59 
CC]-5 85.9 16.1 1.88 3,02 2.25 2.83 2.57 2.55 
CC7-4 88.3 11. 7 1. 75 2.20 2.06 2.00 
CC7-3 88,J 11. 7 2.08 3.00 2.28 2.87 2.49 2 .55 
Graveyard 
Coulee 
GC3-2 57.7 42.3 2.23 3.66 2.88 3.51 3.11 3.17 
GCJ-1 89,5 10.5 1.38 2.62 1.86 2.38 2.09 2.11 
r 
GC4-6 75.6 24.4 3.21 
GC4-5 85.8 16,2 2.36 2.89 2.37 2. 73 2.55 2,55 
GC4-4 78.6 21.4 2.46 3.28 2.89 3.11 3.01 3.00 
,ta 
GC4-3 87.6 12.4 1.94 2.89 2.25 2.75 2.47 2.49 
GC4-2 88.8 11.2 2,18 2.90 2.32 2. 71 2.48 
2.50 
GC4-1 91.8 8.2 2.26 3.19 2.40 2.89 2.62 
2.64 .Ill 
GCS-1 87.6 12.4 l.88 2.94 2.29 2.74 
2.45 2.49 
388 l 
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Sample No, % Clay% !il5 095 !<116 fil84 !<150 film 
Pine-on-Rocks 
PRl-1 89.5 10.5 1.57 2.90 1.95 2.63 2.23 2.27 
PR2-1 90. 7 9.3 1.17 2.53 1.49 2.16 1.79 1.81 
PR3-1 82.4 17.6 
PR5-3 73·.1 26.9 2.76 3.65 2.88 3.52 3.20 3.20 
PRS-1 93.4 6.6 1.30 2.56 1.55 2.28 1.80 1.88 
Western 
Panorama 
W'Pl-2 70.3 29.7 2.66 3.36 2. 78 3.26 2.98 3.01 
?:,,: 
W'Pl-1 85.6 16.4 1.66 2.63 1.85 2.32 2.06 2.08 
WP2-1 84.5 15.5 2.03 3.12 2.18 2.83 2.43 2.48 
WP5-1 90.4 9.6 1.93 
WP7-4 91.6 8.4 2.23 2.68 2.36 2.56 2.48 2.47 
WP8-4 84.6 15.4 2.27 2.78 2.34 2.70 2.49 2.51 
WP8-1 91,1 2.3 1.37 2.05 1.49 1.92 1.75 1.72 
·}; 
WPl0-1 87.4 12,6 1.20 2.63 1.83 2,38 2.06 2.09 
WPll-2 73.2 26.8 2.36 3.13 2.51 3.00 2.72 2.74 
WPll-1 85.6 16.4 1.76 2.94 2.36 2. 76 2.53 2.55 
WP12-2 81.9 18 .1 1.96 2.96 2.12 2.71 2.44 2.42 
WP13-3 89.3 10. 7 1. 71 2.95 2.22 2.12 2.46 2.47 
WP13-2 91.6 8.4 1.75 2.47 I.93 2.31 2.15 2.13 
87.1 12.9 1.89 3,01 2.11 2.75 2.38 2.41 
, 
WP14-3 ' 
WP14-l 86.5 13.5 2.20 3,73 2.45 3.01 2.70 2.72 
ob 
.5 




El-46 50.9 41.1 2.56 El-45 77. 7 22.3 2.41 2.97 2.52 2.83 2.66 2.67 El-44 46.3 53. 7 
El-43 55.1 44.9 2.60 3.56 3.01 3.46 3.20 3.22 El-42 78.7 21.3 2.00 3.15 3.02 2. 72 
El-41-a 83.9 16 .1 2.35 3.07 2.55 2.87 2.67 2.70 El-40 88.8 11.2 2.40 3.08 2.52 2.90 2.81 2.74 
El-39 86.2 13.8 2.18 2.95 2.36 2.78 2.50 2.55 
El-36 69.4 30.6 2,75 3.28 3.05 3.03 
El-34 7'7 .o 23,0 2.65 3.24 2.73 3.10 2.93 2.92 
El-33 83;8 16 .2 1.63 2.80 1.81 2.43 2.09 2.11 
El-32B· 87.5 12.S 1. 72 2.79 1.86 2.45 2.10 2.14 
El-32A 93.4 6.6 1.48 2.71 1.60 2.21 1. 77 1.86 
El-31 93.2 6.8 1.40 2,31 1.64 2.06 1.86 1.85 
El-30 88.1 11.9 1.80 2.79 1.93 2.47 2.56 2.32 
El-29 89.4 10.6 1. 78 2. 71 1.89 2.45 2.14 2.16 
El-28 90.9 9,1 1. 71" 2 ,51 1.85 2,27 2.01 2.04 
El-27 89.6 10.4 1.86 2.93 1.99 2.58 2.26 2.28 
El-26 85.7 16.3 1.01 2.75 1.62 2.36 2.10 2.03 
El-25 88.5 11.5 1.88 2.87 2.01 2.ss 2.20 2.25 
El-23 77. 7 22.3 2.56 3.15 2.70 3.05 2,91 2.89 
El-22 83.0 17.0 2.20 3.22 2.58 3.00 2.81 2.80 
El-21 68.1 31.9 2.06 3.31 2. 77 3.07 3.01 2.95 
El-20 76.2 23.8 2.73 3.19 2.83 3.09 3.01 2.98 
El-18 58.2 41.8 2.29 3.19 2.58 3.37 2.96 2,97 
El-17 82.5 16.5 1.60 3.20 2.17 2.88 2.65 2.57 
El-16 82.3 17.7 2.83 
El-15 82.8 17 .2 2.66 3.48 2.86 3.31 3.03 3.07 
El-11 73. 7 26.3 2.79 3.50 2.93 2.07 3.09 3.03 
El-10 83.7 16.3 2.63 3.33 2.80 3.13 2.91 2.95 
El-9 84.9 15 .1 2.66 3. 21 2. 75 3.07 2.89 2.90 
El-8 83.6 16 .4 2.01 3.10 2.24 2. 77 2.46 2.49 
El-5 69.3 30.7 3.21 , 
El-4 81. 7 18.3 2.56 3.35 2.66 3.13 2.86 2.88 
El-3 63,3 36.7 1.95 3.32 2.36 3.12 2.93 2.80 
,ta El-1 96.2 3.8 l. 76 3.10 2.24 2. 77 2.17 2.39 
E2-30 78.0 22.0 2.24 3.00 2.47 2.99 2.79 2.68 .58 
E2-29 88.2 11.8 2.25 3.05 2.39 2.82 2.55 2.59 
E2-24 90.3 9.7 1.75 2. 79 1.98 2.47 2.19 2.21 
E2-22 88.6 IL.4 1.84 2.96 2.06 2.71 2.36 2.38 
390 
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E2-21 92.1 7.9 1.85 2.80 2.01 2.49 2.23 2.24 
E2-20 91.1 8.9 1.90 2.82 2.02 2.50 2.26 2.26 
E2-19 90.0 10.0 1.85 2, 71 1.99 2.43 2.18 2.21 
E2-18 90.4 9,6 1.57 2.66 1.87 2.36 2,03 2.09 
E2-17 86.1 13.9 1.99 2.99 2.23 2.89 2.57 2.56 
E2-16 90.5 9.5 
E2-15 81.3 18.7 2.04 3. ll 2.01 2.90 2.58 2.50 
E2-14 83.0 17.0 1.99 3.06 2.09 2.86 2 .51 2,52 
E2-13-2 . 85.9 14 .1 
E2-13-l 64.l 35.9 2.80 3.56 2.92 3.38 3.10 3.13 
E2-12-2 84.0 16 .0 2.31 3.13 2.52 2.87 2.73 2.74 
E2-12-l 85.4 14 ,6 1. 79 3.20 2.28 2.97 2.65 2,63 
E2-ll-2 84,2 15.8 2.30 
E2-ll-l 85.4 14.6 2.38 2.54 2.46 2.46 
E2-10-b '1;.1 25.9 2.11 3.12 2.29 2.88 2.54 2.57 
E2-10-a 8_4.1 15. 9 1.04 2.30 1.17 1,85 1.33 1.45 
E2-9A 86.4 13.6 2.24 3.15 2.49 3.02 2.74 2.75 
E2-9 90.2 9.8 1.63 2.86 2.05 2.33 2.26 2.28 
E2-8 89.2 10.8 2.12 3.24 2.32 3.01 2.63 2,65 
E3-26 65.9 34.1 2.07 2.90 2.73 2.57 
E3-25 83.9 16 .1 1.97 2.95 2. 27 2.79 2.49 2,52 
E3-24-b 83.0 17 .o 2 .21 2.80 2.40 2.74 2.57 2.57 
E3-24-a 89.4 10.6 1. 73 2,76 1.88 2.49 2.35 2.24 
E3-23 90. 7 9.3 1.88 2.67 1,98 2.42 2.18 2.19 
E3-22 91.1 8.9 1.65 2.55 1.78 2.33 2.06 2.06 
E3-21 90.6 9.4 1.94 2.80 2.05 2.50 2.20 2.25 
E3-20 89.5 10,5 2.20 3.05 2.31 2. 76 2.50 2.52 
E3-19 91.3 8.7 1.90 2.97 2.02 2.52 2.21 2.25 
E3-18 90.8 9.2 1.77 2.85 1.87 2.56 2.15 2.19 
E3-17 89.5 10.5 1.26 2.76 1.79 2.50 2.20 2.16 
E3-10 66,0 34.0 2.90 3.38 3.03 3.28 3.18 3.33 
E3-9 86.5 13.5 2.41 3.19 2,51 2.94 2.66 2.70 
E3-8 93,8 6.2 2.01 2.99 2.20 2.60 2.41 2.40 
E3-4 52.7 47.3 3.13 
E3-3 92.l 7.9 1.64 2,89 1.28 2.46 1.99 2.08 
E3-2 93.5 6,5 1.82 2.86 1.59 1.98 2.20 1.92 
y 
E3-l 88.1 11. 9 1.62 2.67 1.80 2.38 1.97 2.05 
E4-7 85.5 14.5 2.44 3.28 2.57 3.04 2. 77 2.79 
D 
E5-7 89,5 10.s 1.88 2.73 2.10 2.53 2.29 2.31 I, 
ES-6 75.4 24.6 2.74 3.35 2.88 3.21 3.02 3.04 
ES-5 50.0 50.0 3.20 
E5-3 78.7 21.3 2.66 3.44 2.84 3.22 3.04 
3.03 




Sand Silt- Median Mean 
Sample No. % Clay % 05 !i195 016 084 "'so (llm 
E6-21 89.8 10.2 1.95 2.96 2.14 2.62 2.32 2.36 
E6-20 56.4 43.6 2.83 3.51 3.03 3.36 3.25 3.21 
E6-18 88.6 11.4 2.01 2.99 2.20 2.75 2.47 2 .4 7 
E6-13 86.9 13.1 2.10 2.54 2.28 2. 31 
E6-9 82.6 17 .4 2 .16 3.22 2.54 3.06 2.85 2.82 
E6-8 88.3 11.7 2.44 3.18 2.56 3.01 2.77 2.78 
E6-7 84. 7 15.3 2.46 3.29 2.60 3.06 2.80 2.82 
E6-6 92.9 7.1 1.55 3.06 1.93 2.79 2.38 2.37 
E6-5 88.4 11.6 1.82 2.95 2.02 2.69 2.32 2.34 
E6-4 ,89.3 10. 7 2.26 3.15 2.47 2.95 2.67 2.20 
E7Jll 82.1 17 .9 1.98 3.24 2.25 2.98 2.59 2.61 
E7-8 90.7 9.3 1.81 2.89 l.96 2.50 2.17 2.21 
E7-7 95.1 4.9 1.25 2.76 1.52 2 .4 7 1.87 1.95 
E7-6A 68.1 21.9 2.99 3.5 7 3.09 3.46 3.23 3.26 
E7-6 85,7 14 .3 1.60 3,07 1.79 2. 53 2.20 2.17 
E7-4 90.4 9.6 1.86 2,98 1.97 2. 76 2.52 2.42 
E8-4 88.4 11.6 1.92 3.08 2.06 2.70 2.32 2.36 
E8-2 89.7 10.3 2.33 3.08 2.54 2.91 2. 71 2. 72 
E8-l 95.1 4.9 1.86 2.83 2.06 2.49 2.25 2.27 
- :;> 
E9-3 80.4 19.6 1.10 2.98 2.01 2.75 2.46 2.41 
E9-2 93.3 6.7 1.84 2. 76 2.01 2.54 2.27 2.27 
El0-3 80.6 19.4 3.00 
El0-2 91.5 8.5 2.30 2.95 2.38 2.73 2.53 2.55 
El0-1 95.6 4,4 1.44 2.37 1.53 2.00 1.73 1.75 
Ell-1 81.0 19.0 2.40 3.34 2.54 3.10 2.75 2.80 
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